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ǨȆťɕŢĎĤ-ƒʡĺ'«Ņ:=@ˉ-<
*Ǚǀ+ŧ@? 
(ʷś?) ('ƒʡʢ³-ǸɕÇɿƵ@?(¿ɇǼȇ+	&Ďû
@&	?ƙÎ+ˉFujisaki, Shimojo, Kashino, and Nishida (2004) ( Vroomen, 
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Keetels, de Gelder, and Bertelson (2004) ˉ@@ǚȊ+ˉɔȳɕʡ'Ǡ?
ƒʡÇɿƵ+$	&-ĎûCɇ#  
Fujisaki et al. (2004) -Ǽȇ'.ˉĤ-ƒʡĺ (-235, 0, 235 ms) C¥# ɔ
ȳɕÔǒ (|Qō-j{]Uy(hlʳ-oF) C 3ËʡȬ>ʄŽǿ
ˉ-Œ^W`(&{[u*ƒʡĺ (±412 ms-ȓĆÆ) 'Žǿ@?ɔ
ȳɕÔǒ+Į&õƒŞÏƆ (j{]Uy(hlʳõƒ!# ʱõƒ!
# ) CɇB  (Figure 1A)õƒŞÏƆ+	&õƒ!# (	
Ąȑ
ƙ:ĕ*?ƒ-ɔȳɕʡ-ƒʡĺ (ɖǫõƒǓ) CʷśƜʡ+İÁ@
 ƒʡĺÐ+ƻɿ?(ˉɖǫõƒǓ.İÁ@ ƒʡĺCɍ¾?Ƈ÷+
ʷśǫ+ēß  (Figure 1BĹ)Äªǫ+.ˉ-235 ms-ƒʡĺ+ʷś ď
ô( 235 ms-ƒʡĺ+ʷś ďô'ƻɿ?(ˉ59 ms-ɖǫõƒǓ-ē
ßɒ=@ 6 ˉõƒŞÏƆ'.*ˉƒʡʷńÏƆ (¿+Žǿ@ -
Àʳ) CɇB ďô-ɖǫõƒǓˉ*B" 2ȴŋÓʕű-ʷńĄ
ȑ-Øô 50%+*?ɔȳɕʡ-ƒʡĺ+$	&:ƫɜ -ȠƦˉƒʡ
ĺ2-ʷś+<#&õƒŞÏƆ-ďô(õƇ÷+ɖǫõƒǓēß  
(Figure 1Bð) !ˉõƒŞÏƆ<>.;;ɖǫõƒǓģĤ'ˉ«ö
-ɖĬȱ'.ʷśÜƦɒ=@*#  
Vroomen et al. (2004) '.ˉLED(hlʳ(-ʡ-Ĥ-ƒʡĺ (-200, -
100, 0, 100, 200 ms) + 3Ëʡƕʯ Œˉ{[u*ƒʡĺ (±240 ms-ȓĆ
Æ) 'Žǿ@? LED(hlʳ+Į&õƒŞÏƆ?	.ƒʡʷńÏƆ-
)"=CɇB -ȠƦˉõƒŞÏƆ(ƒʡʷńÏƆ-Ƈ'ʷśƜʡ
-ƒʡĺ+ś&ɖǫõƒǓƒʡĺCɍ¾?Ƈ÷+ēß (ɒ
Ê@ ʷśƒ+ƒʡĺİÁ@ ďô-ɖǫõƒǓ-ēßʜ.ˉȘ
6.7%!#  
Fujisaki et al. (2004) ( Vroomen et al. (2004) -Ďû-Œˉĕ-Ǽȇ'ǨȆť
ɕʡ-ƒʡÇɿƵ-Ŷ$ǘŞ+$	&ƫɜɇB@ Hanson, Heron, and 
Whitaker (2008) .ˉƒʡÇɿƵɔȳɕʡ!'*ȳəɕʡ;ɔəɕʡ+
	&:Ǡ?-ˉƒʡʷńÏƆCǡ	&ƫɜ -ȠƦˉɔȳɕʡˉȳ
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əɕʡˉɔəɕʡÂ&'õȅŅ-ƒʡÇɿƵǠ?(ǽɥ@ @
=-ȠƦ=ˉw[|^G-Ȟ7ôB+±=*	å-Ãʉ vMcXu
+<#&ƒʡÇɿƵǠ&	?(ǿÿ@ Heron, Roach, Whitaker, 
and Hanson (2010) .ˉʷśƜʡ-ǃŤǙŦƒʡÇɿƵ+)-<
*ŎʴC
è5ɪ3? 9+ˉʷśƜʡ+ÔǒǘŘˉǃɔǓˉʷśÔǒʡ-ƒʡĺ
-«@ 1$+ǃŤC÷ ƒʡʢ³-ÏƆĮɱ+.ƒʡʷńǡ	=
@ Ħ˂-ȠƦˉ)-Ƣ¡+	&:ƛŤ*ƒʡÇɿƵǠ ˉ(>B
Figure 1.  A. Õá¦üĐ°ĐpąÀĘ©çTd ĕ£°T
°Đ
k)( <6>°ÿóÂMQ:I°Đ
k)
(  B. °¤t­ () °Đĕt­ (~) 	(°ĐpąÀnÖ
æ¸ °¤t­ě}£Ñs
0.6đ¬ć_( °Đĕt
­ě}£Ñs
EOB;>±éć_( ¾Ą<6>°ûðü
uÊĐ°Đ+ěêĄt­}£Ñ+ô ÝéXýÖ°Ì+ô 
ĕ£°°Đ
k)(ě}£Ñs
°Đ+÷j(® 5
C>(  
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ʷśÔǒʡ-ƒʡĺ+ǃŤC÷ ďô+<>Ė*ʷśÜƦŕ=@
  
 
ăbĉy–¦üĐ°ĐpąÀ 
 
ƒʡÇɿƵ.ˉǨȆťɕʡ!'*ɼªʏÝ(ťɕ(-ʡ+	&:Ǡ
?Cunningham, Billock, and Tsou (2001) Î9&ɼªʏÝ–ťɕʡ-ƒʡÇɿ
ƵCĎû Ő=.ˉɔɕjGaf]P+ 235 ms-ʎŇCɟ ǙŦ'
÷#&?ĜĨÔǒCʖ?ɩʼ+	&ˉɢɇCȬ>ʄ(+<#&ɩ
ʼ-gjKsW÷?(Cǿ =+ˉʷśŒ+ʎŇCë>ʧ
(ɩʼ-gjKsW©?ˉ*B"ʎŇ-ʷś+<#&ƸÜǠ
?(:Ďû -ŒˉStetson, Cui, Montague, and Eagleman (2006) ˉ
řǟǗǟĢǫƇǁ+<#&ɼªʏÝ–ťɕʡ-ƒʡÇɿƵCƫɜ Ő=
.ˉɖĬȱ-OŲ= 135 ms-ʎŇC¥#&ɔɕjGaf]PŽǿ
@?ǙŦ+ʷś?(ˉOŲ(ɔɕÔǒ(-ʡ-ƒʡʷńÏƆ+	&
ɖǫõƒǓʎŇCɍ¾?Ƈ÷+Ș 44 msUj`?(Cǿ  
Stetson et al. (2006) -Ďû-Œˉĕ-Ǽȇ'ɼªʏÝ–ťɕʡ-ƒʡÇɿƵ
-Ŷ$ǘŞ+$	&ƫɜɇB@ Heron, Hanson, and Whitaker (2009) .ˉɔ
ɕjGaf]P!'*ȳɕjGaf]P;əɕjGaf]PCǡ	
&:ˉ6 ˉƒʡʷńÏƆ!'*õƒŞÏƆCǡ	 ďô:ˉɼªʏÝ–
ťɕʡƒʡÇɿƵǠ?(Cǿ 6 Heron et al. (2009) ; Sugano, 
Keetels, and Vroomen (2010) .ˉʷśƒ+ťɕjGaf]P-Žǿ@ ťɕ
w[|^G(.Ð-ťɕw[|^G+ɼªʏÝ–ťɕʡƒʡÇɿƵɾȄ?
(CĦɠ +:ˉVercillo, Burr, Sandini, and Gori (2014) .ˉ8-11Ʒ-
ğ°'.ˉĖ(ƻɿ?(ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵǠʮ	(
CĎûˉ-æą.ƒʡʷńÏƆ-ȕŅš	 9'?(Ƞɫ%  
@6'-ƒʡÇɿƵ-Ǽȇ'.ˉǨȆťɕʡ-ƒʡÇɿƵ(ɼªʏÝ–ť
ɕʡ-ƒʡÇɿƵ.@@ǚȊ&Ǽȇʌ9=@&&	?- 9ˉ
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ǨȆťɕʡ(ɼªʏÝ–ťɕʡ@@-ƒʡÇɿƵ-čǾ+?ʐȅǨ*
?-ˉ?	.ˉ«=-ʐȅÃƛ@&	?-.6!4(D)ɘƏ
@&	*	ȶÝǫ*ɼªʏÝ-LY]`-Ǹɕ+.ˉɼªʏÝ+<#&Ǡ
?ƾřŞ-ťɕjGaf]P!'*ˉɼªʏÝ-Ǎ»ƹʨ-´ñ (ʏ
ÝÖ´ñ) ;ʓřŞ-ʏÝŷ´ñ-Si (ʓřŞSi) *):ī&
	? (Haggard, Newman, & Magno, 1999; Libet, Gleason, Wright, & Pearl, 1983; 
Obhi, 2007; Obhi, Planetta, & Scantlebury, 2009)Ŕ#&ˉɼªʏÝ–ťɕʡ-ƒʡ
ÇɿƵʏÝÖ´ñ;ʓřŞSi(	# ȶÝǫɼªʏÝǘƛ-´ñCǡ	
&ɇB@&	?-'@/ˉǨȆťɕʡ-ƒʡÇɿƵ(.Ǩ*?ǘŞCŶ$î
ȶŞȰ=@? 
 
¦ü¥qÒÞĊà 
 
@6'-ɔǸɕǼȇ+	&ˉɔɕŢĎ)-<
*ʐȅ'Éǟ@?-
ˉ6 Éǟ-ʐȅ+ś&ɔǸɕ)-<
*ɬǘŞCŶ$-ˉʷśǞ
ɱCʉ&Ǽȇ@& ɔɕÉǟʐȅ.ˉɀ;Ƈ¨ˉĴŬǫ*ʏÝŢĎ(
	# @@-ÔǒĵŞ@@+ǘß ȁȟĄɺȸʘ¨'ȻÝǫ
Íǫ+Éǟ@?ʐȅ (Livingstone & Hubel, 1988) (ˉǃŤ+<?`]l[
IÉǟ+<#&ÔǒĵŞCȡô?('ɏʬ*ǘŘ (¯/ĖĴǫ*ʏÝ
ŢĎ;ʽ*)) CÉǟˉƙȝǫ+LkVJP`ɉɱCōŪ?ʐȅ 
(Treisman, 1999; Treisman & Gelade, 1980) - 2$+ĖË=@?ƠǼȇ'
.ˉÖȱ-ʐȅCťɕŢĎÉǟ-ÎƜʐȅˉŒȱ-ʐȅCťɕŢĎÉǟ-˃ƴ
ʐȅ(¨ȭ%?'.ˉÎƜ˃ƴ(	# ʐȅ-ʒ	+ś&ēß
?ʷśǞɱ-ǘŞ(&ȥȺȈʡ¨ȭǘǨŞˉÔǒ+Į?Ƽ2-±ġ
Ş- 2$C@@Ʈɨ? 
 
èñRãĐ`ëÎÕ¤ 
ɔǸɕǼȇ+	&ˉʷśÔǒ-Žǿ@ ɔʛÆ¨ȭ (ȥȺ¨ȭ) +ǘǨ
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ǫ+Ǡ?<
*ʷśǞɱĎû@&	?¯/ˉ¼ʷś (Knapen, 
Rolfs, Wexler, & Cavanagh, 2011) ;ʏÝʷś (Knapen, Rolfs, & Cavanagh, 2009) 
.ˉʷśÔǒ-Žǿ@ ȥȺ¨ȭ'^W` ďô+.ƸÜǠ?:-
-ˉʷśÔǒ-Žǿ@ ȥȺ¨ȭ(.Ð-¨ȭ'^W` ďô+.ƸÜ
Ǡʮ*?(Ďû@&	?ǠǟřǟĢǫǼȇ=ˉV1; V2-<

*ɔɕʛ'.ȥȺ¨ȭ+Įś ı*ìĪʛs]iQ@&	& 
(Duhamel, Bremmer, BenHamed, & Graf, 1997; Tootell, Silverman, Switkes, & De 
Valois, 1982)ˉ@<>:˃ƴ-ɔɕʛ+ʌ8+Ŕ#&ìĪʛĖ*? 
(Amano, Wandell, & Dumoulin, 2009) (Ë#&	?@=CȰŨ?
(ˉɔɕÉǟ-ÎƜǫ*ʐȅ'.ȥȺ¨ȭ+Įś Ôǒ-ÉǟɇB@? 
9ƸÜȥȺ¨ȭ+ǘǨǫ+Ǡˉʐȅʌ8+$@&ȥȺ¨ȭ+.ʦĤ@
*	ɔɕÉǟɇB@? 9ˉƸÜȥȺ¨ȭ+ʱǘǨǫ+Ǡ?:-(Ȱ
=@? 
6 ˉ	$-ʷśǞɱ+	&ˉÔǒ-ȥȺ¨ȭēß (&:ˉ
Ȉʡǫ*¨ȭõ'?ďô+.ƸÜǠ?(Ďû@&	?¯
/ˉLeopold, O'Toole, Vetter, and Blanz (2001) .ˉʽǥ½+Į?ʷś+	
&ˉʷśÔǒ+ƕʯ Œ+ɔȧCȄÝ&^W`CɇB ^W`ƒ
-Ôǒ-ȥȺ¨ȭ.ʷśÔǒ(.Ǩ*?:--ˉȈʡǫ*¨ȭ.ʷśÔǒ(õ
'# Ħ˂-ȠƦˉɔȧC 1~6 arc degȄÝ&:ˉɔȧCȄÝ*
# ďôˉ*B"ʷśÔǒ(õȥȺ¨ȭ+^W`ÔǒCŽǿ ďô(
õȐ-ƸÜǠ 6 Turi and Burr (2012) .ˉʏÝÔǒ+Į?ʷś+<
#&Ǡ? 2$-Ǩ*?ƸÜ+	&ˉɔȧȄÝ+<#&ȥȺ¨ȭēß&
:Ȉʡ¨ȭ+ǘǨǫ+ƸÜǠ?-ƫɜ Äªǫ+.ˉʷśÔǒ-ʏ
ÝƇ÷(.ʇ-Ƈ÷-ʏÝʷśŒ+Ǹɕ@?íÅǫ*ʏÝƸÜ(ˉʷśÔ
ǒ-Žǿ@ ¨ȭʷśÔǒ-ʏÝƇ÷(.ʇ-Ƈ÷+ȄÝ?ƸÜ-@
@+$	&ƫɜ íÅǫ*ʏÝƸÜ.ɀ;ʀŅ-ŢĎȡô@?Ö-
ÎƜʐȅī&	&ˉ¨ȭ+ʢ?ʏÝƸÜ.ɀ;ʀŅ-ŢĎȡô@
 Œ-˃ƴʐȅ-ēɪī&	?(Ȱ=@&	? (McKeefry, Laviers, & 
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McGraw, 2006)Ħ˂-ȠƦˉíÅǫ*ʏÝƸÜ'.Ȉʡ¨ȭ+ǘǨǫ+ƸÜ
Ǡ*# ˉ¨ȭ+ʢ?ʏÝƸÜ'.Ȉʡ¨ȭ+ǘǨǫ+ƸÜǠ
 @=-¿ɇǼȇ-ȠƦ=ˉÔǒĵŞCȡô&ɏʬ*ǘŘCÉǟ?
<
*ɔɕ-˃ƴʐȅ'.ˉȥȺ¨ȭ+±ġ*	ˉʹʘ?	.ɼªCř
( ņƱȗ+č%¨ȭ+Įś ÉǟɇB@? 9ˉƸÜȈʡ¨ȭ+
ǘǨǫ+Ǡ?:-(Ȱ=@? 
=+ˉʷśÔǒ-Žǿ@ ȥȺ;Ȉʡ¨ȭ(.Ǩ*?¨ȭ+ƸÜɾȄ
?ʷśǞɱ:Ďû@&	?Melcher (2005) .ˉS`{W`ʷśˉ¼
ʷśˉɏʬ*ʏÝ-ʷśˉʽʷś-@@+$	&ˉȈʡ¨ȭǘǨŞ-ƫɜ
Cɇ# Äªǫ+.ˉȥȺ¨ȭ.Ǩ*?Ȉʡ¨ȭ.ȼ&	?Ƣ¡ (Ȉ
ʡ¨ȭȼƢ¡)ˉȥȺ¨ȭ:Ȉʡ¨ȭ:Ǩ*?Ƣ¡ (ȥȺȈʡ¨ȭȼƢ
¡) ˉɔȧ-ȄÝǔ'ȥȺ¨ȭ:Ȉʡ¨ȭ:ȼ&	?Ƣ¡ (ȥȺȈ
ʡ¨ȭȼƢ¡) (ƻɿ&)-ȅŅǨ*?-ƫɜ Ħ˂-ȠƦ-'
:ǘȏ3.ˉS`{W`ʷśˉ¼ʷśˉɏʬ*ʏÝ-ʷś-ďô.ȥ
ȺȈʡ¨ȭȼƢ¡'ȥȺȈʡ¨ȭȼƢ¡(ƻɿ&Ș 010%-Ƹ
ÜǠ&	*	ˉʽʷś-ďô.ȥȺȈʡ¨ȭȼƢ¡'ȥȺȈ
ʡ¨ȭȼƢ¡(ƻɿ&Ș 40%-ƸÜǠ @=-ȠƦ.ˉÔǒĵŞ
Cȡô&ɏʬ*ǘŘCÉǟ?<
*ɔɕ-˃ƴʐȅ'.ˉʷśÔǒ-Žǿ
@ ȥȺ;Ȉʡ¨ȭ(.Ǩ*?¨ȭ+ƸÜɾȄ?(Cǿÿ&	? 
6'Ȝ ȥȺȈʡ¨ȭǘǨŞCƫɜ ʷśĦ˂=ŕ=@ Ǹ
ɒCȦŵ?(ˉÔǒĵŞCȻÝǫÍǫ+Éǟ?ɔɕÉǟ-ÎƜʐȅ'
.ȥȺ¨ȭ+Įś ÉǟɇB@ˉÔǒĵŞCȡôÉǟLkVJP`ɉɱ
CōŪ?˃ƴʐȅ2(ɔɕ-Éǟʌ8+Ŕ#&ˉȥȺ¨ȭ+Įś Éǟ
Ȉʡ¨ȭ+Įś Éǟ2ˉ=+ȥȺ;Ȉʡ¨ȭ+.±ġ*	Éǟ2(
ƴȎ+ēß&	:-(Ȱ=@? 
ƒʡǸɕ+ʢ?ʷś+	&ˉȥȺ¨ȭ+ǘǨǫ+Ǡ?:- Johnston, 
Arnold, and Nishida (2006) +<#&Ďû@&	?Ő=.ˉ2ȃƺ+ʏÝƇ÷
Cē*=a|j`?ȩÔǒC 15ȃʷśÔǒ(&Žǿ -Œ-
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^W`'.ˉʷśÔǒCŽǿ ȥȺ¨ȭ(Žǿ&	*	ȥȺ¨ȭ+@
@a|j`?ȩÔǒCŽǿˉ)"=<>ʟŽǿ@ CɖĬȱ+Ą
ȑ Ħ˂-ȠƦˉʷśÔǒ-a|j`üǂƃ 20 Hz-ďôˉʷśÔǒ
Žǿ@ -(õȥȺ¨ȭ+Žǿ@ a|j`ȩÔǒ.Ǩ*?ȥȺ¨ȭ
+Žǿ@ a|j`ȩÔǒ(ƻɿ&Ș 100 msǹǸɕ@ -ȠƦ
.ˉɔɕÉǟ-ÎƜʐȅƒʡʟ-Ǹɕ+ī&	?(Cǿÿ&	? 
Ƚýǈ	(+ˉǨȆťɕʡˉǘ+ɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ:
ȥȺ¨ȭ?	.Ȉʡ¨ȭ+ǘǨǫ+Ǡ?( Heron, Roach, Hanson, 
McGraw, and Whitaker (2012) +<#&Ďû@&	?Ő=.ˉʷśƒ+ˉ
CRT_GWl~H(m]ajKCǡ	&ǃɔǓ=Ĺ6 .ð+ 10 arc deg
ʭ@ ¨ȭ++ɔȳɕÔǒCŽǿ Ƈ-¨ȭ'.ɔɕÔǒCȳɕÔ
ǒ<>: 120 msÖ+ˉƇ-¨ȭ'.ɔɕÔǒCȳɕÔǒ<>: 120 msŒ+
Žǿ ʷśŒ+ɇB@ ƒʡʷńÏƆ+	&:Ĺ¨ȭ6 .ð¨ȭ+ɔ
ȳɕÔǒCŽǿ (Aˉʷśƒ+@@-¨ȭ'ŹÁ@ ƒʡĺ+ś
&Ǩ*?Ƈ÷+ɖǫõƒǓUj` Ő=--Ħ˂!'.ˉɔȳ
ɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵȥȺ¨ȭǘǨǫ*ʷś*-ˉ@(:Ȉ
ʡ¨ȭǘǨǫ*ʷś*-.B=*	6 ˉŐ=-Ħ˂'.ˉʷśÔǒ(
^W`Ôǒ'ȥȺ¨ȭ(Ȉʡ¨ȭ-ƇǨ*?ǙŦ'ƫɜ&	*	 9ˉ
ʷśÔǒ-Žǿ@ ȥȺȈʡ¨ȭ(Ǩ*?¨ȭ+ƒʡÇɿƵɾȄ?-
.Ə=+*#&	*	(.	ˉ@=-ȠƦ.ˉɔȳɕʡ-ƒʡʷń
-ƒʡÇɿƵ+.ɔɕÉǟ-':ȥȺ;Ȉʡ¨ȭ+Įś&ɇB@?<
*
ʐȅī&	?îȶŞCǿÿ&	?*=ˉŐ=.ǨȆťɕ
ʡˉǘ+ɔȳɕʡ-ƒʡÇɿƵ+$	&-7ƫɜ&>ˉɼªʏÝ–ťɕʡ
-ƒʡÇɿƵ':ȥȺ;Ȉʡ¨ȭ-ǘǨŞɒ=@?-.6!ƫɜ@&	
*	 
 
uÊ(Ä\ e¤ 
@6'-ɔǸɕɥǸ-Ǽȇ+	&ˉÔǒɖĬȱ-ȥȺ+ŰŎ@
 14 
&	?-+:ʢB=ɖĬȱÔǒ-Žǿ+Ƽ	&	*	ďô+ˉÔǒ.)
-<
+ˉ?	.)-ȅŅ6'Éǟ@?-Ǽȇ@& -
'ˉǔŤɮ'ÔǒCŽǿ? 9+ˉư*ŭǁǡ	=@& ǔŤɮ
'ÔǒCŽǿ?ŭǁ.ˉʣÉǟCŉɷŭǁ(ÖŤɮÉǟCŉɷ
ŭǁ- 2$+ĖË?('? (Dehaene, Changeux, Naccache, 
Sackur, & Sergent, 2006) 
Dehaene et al. (2006) +<?(ˉʣÉǟ(.ˉq`uF]lÉǟ	 
9+Ǹɕ-ƼCŉɷ('*	ǙŦCŷʣÉǟ-ǘŘ(
&ˉǃŤ+<?`]l[IÉǟ+<#&q`uF]lÉǟđĿ@ (
&:ˉ±Ǖ(&Ǹɕ-ƼǠ*	(Ÿ=@?ʣÉǟCŉ
ɷŭǁ- 1$(&ˉǴɔʛʤŸ=@? (Dehaene & Changeux, 
2011)Ǵɔʛʤ(.ˉǴ+Ǩ*?ÔǒCŽǿ ďôˉƒǫ+)"=
-Ôǒ-7Ǹɕ@ˉǸɕ@?Ôǒƒʡȟʐ((:+Ì>ƘB?Ǟɱ
'? (Blake, 2001; Wheatstone, 1838)ʃŁ'.ǘ+ˉƇ-Ǵ+˃S`{
W`-Ôǒʋȣ&j{]Uy?ÔǒCŽǿ?(+<#&ˉƇ-Ǵ
-ǸɕCŶȣǫ+ůÓ?ŭǁ<ǡ	=@&	? (ʋȣj{]UyůÓ, 
Tsuchiya & Koch, 2005)ÔǒŽǿ@&	?-+:ʢB=Ǵɔʛʤ;
ʋȣj{]UyůÓ+<?ůÓ+<#&Ťɮ?('*	ǙŦC¬>Ê
('ˉʣÉǟCɪ3?(îȶ(*? 
Dehaene et al. (2006) +<?(ˉÖŤɮÉǟ(.ˉƼǠ?-+.âË
*q`uF]lÉǟǑĈǫ+ɇB@&	?:--ˉǃŤɴǌ	 9+
ǃŤ+<?FPYW'ˉƼǠ&	*	ǙŦCŷÖŤɮÉǟ
Cŉɷŭǁ(&ˉʱǃŤ-ɒɃ( (Mack & Rock, 1998) ;ǃŤ-Ƕ
 (Raymond, Shapiro, & Arnell, 1992) *)ǡ	=@&	?ʱǃŤ-ɒɃ(
C¯+Ÿ?(ˉÔǒŽǿ@&	?-+:ʢB=-Ôǒ+ǃŤ÷
	&	*	 9+ÔǒŽǿ+Ƽ*	ǙŦC¬>Ê('ˉÖŤɮÉǟ
-ǘŞCɪ3?(îȶ(*? 
Ƽ+ʢ?Ǽȇ-ƅȷ=ˉǔŤɮ'-ʷśÔǒ-ŽǿƸÜ+)-
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<
*ŎʴCè5-ƫɜ@& ¯/ˉWade and Wenderoth 
(1978) .ˉǴɔʛʤ+<#&ʷśÔǒŤɮ+=*	ďô+	&:¼
ƸÜǠ?(CĎû Įǖǫ+ˉMoradi, Koch, and Shimojo (2005) 
.ˉǴɔʛʤ?	.ʱǃŤ-ɒɃ(Cǡ	&ʽÔǒǔŤɮ'Žǿ
@ ďôˉʽ-õĤ-ƸÜǠʮ	(CĎû =+ˉMaruya, 
Watanabe, and Watanabe (2008) .ˉʋȣj{]UyůÓ+<?ʷśÔǒ-ǔŤ
ɮ-Žǿ+<#&ʏÝƸÜʘËǫ+ŎʴCì?(CĎû Ő=-
Ǽȇ'.ˉƸÜ-^W`-ʪ+ʰǫ*ƨğÔǒCŽǿ ďô.ʷśÔǒCǔ
Ťɮ'Žǿ&:ʏÝƸÜɖĬ@ ˉƸÜ-^W`-ʪ+ʷś
Ôǒ-Žǿ@*# 4
-Ǯ+Əǎ?ƨğÔǒCŽǿ ďô.ˉʷś
ÔǒCǔŤɮ'Žǿ?(ƸÜǠʮ*# Ő=.ˉ@=-ȠƦ
=ˉǔŤɮ'ʷśÔǒCŽǿ?(©ƴ- 1ƴʏÝCÉǟ?ƹʨ.ʷś
?:--ˉ˃ƴ- 2ƴʏÝCÉǟ?ƹʨ.ʷś*	(Ƞɫ%  
Ƽ+ʢʋ?@=-ʷśǼȇ-ȠƦ.ˉɏʬ*ǘŘCȡôÉǟ?<

*˃ƴʐȅ+±ġ&	?ʷś.ˉʷśÔǒ+Į?ƼCŚɐ(?
(Cǿÿ&	?ƇˉÔǒĵŞCȻÝǫÍǫ+Éǟ?<
*ÎƜʐ
ȅ+±ġ&	?ʷś.ˉʷśÔǒ+Į?ƼCŚɐ(*	(Cǿÿ
&	? 
ʷśÔǒ+Į?Ƽʷś+è5Ŏʴ.ˉɔǸɕ!'*ˉɼªʏ
Ý(ťɕʡ-ȡô+?ʷś+$	&:ƫɜ@&	?¯/ˉMichel, 
Pisella, Prablanc, Rode, and Rossetti (2007) .ˉɼªʏÝ–ťɕʡ-Ȉʡǫ*
ȼ+Į?ʷś'?l|XuʷśɼªʏÝ–ťɕʡ-Ȉʡǫ*ȼ+Ƽ
	&	*	ʪ+:Ǡ?-ƫɜ Ő=-Ħ˂'.ˉɼªʏÝ–ťɕʡ
-ȈʡǫȼCɟ?ƹʨCſ¬ multiple-stepƢ¡( single-stepƢ¡-
)"=+ɖĬȱCØ>Ō& multiple-stepƢ¡'.ˉʷśƜʡˉƲƇ÷
-ɔʛ¸¨Cɔɗ 2= 106' 2Õ7'ƹʨǫ+ēß -<

*ıÕ7*ēß- 9ˉĦ˂Œ+l|Xu+«ēß# ɖĬȱ+į,
&:ˉɖĬȱ.-¸¨+ɚè*# Ƈˉsingle-stepƢ¡'.ˉʷś
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Ɯʡˉȝĝ 10-ɔʛ¸¨CÚ ɔʛ¸¨CŅ+ĖÚ  
9ˉɖĬȱ.Ȼǩǫ+ɔʛ¸¨+$	&ǩɚ Ħ˂-ȠƦˉsingle-stepƢ
¡<>: multiple-stepƢ¡-4
'<>Ė*ƸÜʜɒ=@ @=-Ƞ
Ʀ.ˉǔŤɮ'ɼªʏÝ–ťɕʡ-Ȉʡʢ³CÉǟ?ʐȅl|Xuʷś
+ī&	?(Cǿÿ&	? 
 
¼Ċàó*)( 2¦ü¥Đ°ĐqÒ 
 
ư*ťɕŢĎʡ-ƒʡĺCǸɕ? 9+.ˉ@@-ťɕŢĎCȡô
ˉƒʡĺCƫÊ?Śɐ?-<
*ƒʡĺƫÊ.ˉťɕŢĎÉǟʐ
ȅ-ư*ƹʨ'ɇB@&	?:-(Ȱ=@? 
¯/ˉMeredith, Nemitz, and Stein (1987) .ˉư*ƒʡĺC¥# ǨȆť
ɕÔǒCŽǿ&ˉdS-+?ǨȆťɕÔǒ+śȑ?cy-ǅ
ÝCɞʝ Ħ˂-ȠƦˉǨȆťɕÔǒʡ-ƒʡĺ 0 ms-ďô+śȑ
ƙĖ(*?cy!'*ˉƒʡĺ 100 ms; 200 ms-ďô+śȑ
ƙĖ(*?cy:ɖĬ@ -ȠƦ.ˉǘĤ-ǨȆťɕÔǒʡ-ƒ
ʡĺ+śȑ?ư*cy+<#&ƒʡĺȍñß@&	?îȶŞC
ǿÿ&	?6 ˉ.ɔɕˉȳɕˉªŞťɕ@@-ťɕʛ-ÎƜǫ
*ʐȅ=-ÁÙCì&	?- 9ˉMeredith et al. (1987) -ȠƦ.ˉƒ
ʡĺ-ȍñßȻÝǫÍǫ+Éǟ?<
*ťɕŢĎÉǟ-ÎƜʐȅ'
'+ɇB@&	?îȶŞCǿÿ&	? 
@+Į&ˉFujisaki, Koene, Arnold, Johnston, and Nishida (2006) .ˉ1$-
ȳɕÔǒȗÍ(ɏƃ-ɔɕÔǒȗÍCõƒ+ŽǿˉȳɕÔǒȗÍ(õƜ 
ɔɕÔǒȗÍCŻȚ?ɩʼCɇB Ħ˂-ȠƦˉɔɕÔǒȗÍ-µƃ
đÚ?+Ŕ#&Ƶȑǝ:# *B"ˉÍŻȚ?('*
# -ȠƦ.ˉǃŤ+<?`]l[IÉǟ+<#&ɔȳɕʡCȡô
?<
*ťɕŢĎÉǟ-˃ƴʐȅ'ɔȳɕʡ-ƒʡĺ-ƫÊɇB@&	?
(Cǿÿ&	? 
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-<
+ˉťɕŢĎÉǟ-ư*ʐȅ'ǨȆťɕʡˉ?	.ɼªʏÝ–
ťɕʡ-ƒʡĺ-ÉǟɇB@&	?:-(Ȱ=@?*=ˉǨȆ
ťɕʡƒʡÇɿƵ;ɼªʏÝ–ťɕʡƒʡÇɿƵ+ˉȻÝǫÍǫ+Éǟ
?ÎƜʐȅ'ɇB@&	?ƒʡĺÉǟī&	?-ˉ@(:ǃŤ+<
#&ɏƃ-ťɕCȡô?˃ƴʐȅ'ɇB@&	?ƒʡĺÉǟī&	?
-ˉ?	.-Ƈī&	?-.6!ɘƏ@&	*	 
 
°¤Ûü°ĐĕÛü 
 
@6'-ƒʡÇɿƵǼȇ'.ˉ+ˉõƒŞÏƆ?	.ƒʡʷńÏƆ
ǡ	=@& @= 2$-ÏƆ+$	&@@řǟǗǟĢǫŭȣCǡ
	?(ˉ)"=:ɖǫõƒǓCȒÊ?('?ˉ@= 2$
-ƒʡʢ³Ǹɕ-čǾ+?ʐȅǨ*?(	
(ĕ-Ǽȇ'Ħɠ@
&&	? (e.g., Hirsh & Sherrick, 1961; Schneider & Bavelier, 2003; van Eijk, 
Kohlrausch, Juola, & van de Par, 2008) 
@6'-Ǽȇ+	&ˉõƒŞǸɕ.ƒʡʷńǸɕ-ŚɐƢ¡'.?
âËƢ¡'.*	(	
(Ŋ@&	? (Hirsh & Sherrick, 1961)*
B"ˉõƒŞǸɕ+	&õƒ'.*	(	
ÏƆ@ Œ+ˉÔǒ-ʷ
ńCõĤƿĤ?ʐȅCȟ&ƒʡʷńǸɕƿĤ?(	
Ŋ'?
-Ŋ+č%(ˉõƒŞǸɕ.ƒʡʷńCǸɕ?(*ɇB@?-+Į
&ˉƒʡʷńǸɕ.õƒŞCǸɕ Œ+ɇB@?(+*?- 9ˉ
ƒʡʷńǸɕ.õƒŞ<>:ĕ-ÉǟCŚɐ(?(Ȱ=@?@=-
Ŋ.ˉa) õƒŞÏƆ+	&õƒ'.*	(ÏƆ@?ƒʡĺ<>:ƒʡʷ
ńÏƆ+	&ÖŒ'?(ÏƆ@?ƒʡĺ-ƇĖ	ˉb) õƒŞǸɕ
-ȕŅÔǒ-ǘŞ-ʒ	 (¯/ťɕw[|^G-ʒ	) +ś&ēß?
-+Į&ˉƒʡʷńǸɕ-ȕŅ.Ôǒ-ǘŞ-ʒ	(.ƻɿǫǚȊ&	
?ˉ(	
 2$-Ħ˂ȠƦ+č%	&ɫ=@&	? (Fujisaki & Nishida, 2009; 
Hirsh & Sherrick, 1961) 
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õƒŞǸɕǠ ŒˉõƒŞǸɕ+č%	&ƒʡʷńǸɕǠ?ˉ(	

ʅ-w_}(.Ð+ˉõƒŞǸɕ(ƒʡʷńǸɕ+.@@ǚȊ ʐ
ȅġĈ?(Ŋ?¿ɇǼȇ:ġĈ? (Jaśkowski, 1991; Stelmach & 
Herdman, 1991)ƙʃ-¿ɇǼȇ'.ˉťɕw[|^Gʡ'.*ťɕw[|
^GÆ (2$-əɕÔǒ) -ÏƆ'.?ˉƒʡʷńǸɕ'.ɒ=@õƒ
ŞǸɕ+	&-7ɒ=@?ȸǅÝĎû@&	? (Miyazaki, Kadota, 
Matsuzaki, Takeuchi, Sekiguchi, Aoyama, & Kochiyama, 2016) 
@6'-Ǽȇ+	&ˉõƒŞǸɕǠ Œ+-õƒŞǸɕ+č%	
&ƒʡʷńǸɕǠ?-ˉ@(: 2$-Ǹɕ@@ǚȊ&Ǡ?
-ˉ(	
āʼ+$	&.ȠɫÊ&	*	 !ˉƒʡʷńǸɕ-čǾ
+?ʐȅ(õƒŞÏƆ-čǾ+?ʐȅ(	$-Ǩ*?ǘŞCŶ$(
	
(.ĕ-Ħ˂'Ħɠ@&&	?¯/ˉvan Eijk et al. (2008) 
.ˉõƒŞÏƆ(ƒʡʷńÏƆ@@'ŕ=@ ɖǫõƒǓǰʢ*	
(CĎû&	?6 ˉVatakis, Navarra, Soto-Faraco, and Spence (2008) '
.ˉǩɣƑ½(ʳĒ(-ʡ-ƒʡĺ+ʷś ďôˉåș*ɔȳɕÔǒCǡ	
 õƒŞÏƆ?	.ƒʡʷńÏƆ+	&ƒʡÇɿƵǠ?-ƫɜ
 -ȠƦˉõƒŞÏƆ+	&.ƒʡÇɿƵɒ=@ -+Įˉƒʡʷ
ńÏƆ+	&.ƒʡÇɿƵɒ=@*#  
-<
+ˉõƒŞǸɕ(ƒʡʷńǸɕ'.čǾ+?ʐȅǨ*?îȶŞ
Ȱ=@?- 9ˉõƒŞǸɕ-ɖǫõƒǓ(ƒʡʷńǸɕ-ɖǫ
õƒǓCáÐ+ƒʡÇɿƵǼȇCʌ9?(.ˉǨȆťɕʡ?	.ɼª
ʏÝ–ťɕʡ-ƒʡÇɿƵ@@)-<
*vMcXu'Ǡ&	?-
Cɰɫ?'ǉCŴ,*	Ŕ#&ˉƒʡÇɿƵ-vMcXuCƫɜ
?ʪ+.ˉõƒŞÏƆ-ďô(ƒʡʷńÏƆ-ďô'@@Ë&ƫɜC
ʌ9?Śɐ? 
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µÜâ×Ö 
 
ʅ <
+ˉ2$-ťɕŢĎʡ-ƒʡĺ-Éǟ.ťɕŢĎÉǟ-ư*
ʐȅ'ɇB@&	?:-(Ȱ=@?@6'+ƒʡÇɿƵ+ʢ?ĕ-
ǼȇɇB@&>ˉƒʡÇɿƵǠ?vMcXuCɨƏ?w_}	
$ŽĀ@&  (ʝçǖ)*=ˉťɕŢĎÉǟ-)-ƹʨ'ɇ
B@ ƒʡĺÉǟƒʡÇɿƵ-čǾCų#&	?-.@6'+6>ɰ
ɫ@&=ˉ4(D)ɘƏ@&	*	6 ˉ@6'-ÇɿƵǼȇ'
.ˉƒʡʢ³-ÏƆĮɱ-ʒ	 (ƒʡʷńõƒŞ) ;ȁȟ´ñ-ȶÝŞ-
ƛǔ (ɼªʏÝ–ťɕʡǨȆťɕʡ) +Į&ɚè@?(*ɰɫɇ
B@& Ŕ#&ˉƠǼȇ'.ˉÏƆ-Įɱ;ȶÝŞ-Ǩ*?@@-ƒ
ʡÇɿƵ+$	&ˉ-čǾ+?ʐȅCƫɜ?(CǮǫ(  
@6'-ǸɕǼȇ-ǸɒCǅ 9ˉťɕŢĎÉǟ-ʐȅCȻÝǫ
Íǫ*ÉǟɇB@?ÎƜʐȅ(ǃŤ+<#&ʕűǫ+ȡôÉǟɇB@?˃
ƴʐȅ+ĖËˉ@@-ʐȅƒʡÇɿƵ+)-ȅŅī&	?-
Cƫɜ ƫɜŭƹ(&ˉɞ'Ȝ ȥȺ¨ȭǘǨŞˉƒʡĺ+Į
?Ƽ2-±ġŞ- 2$Cǡ	 :ƫɜ?ƒʡÇɿƵÎƜʐȅ'
ɇB@?ƒʡĺÉǟ+č%	&	?*=/ˉƒʡÇɿƵ.ʷśƜʡ+Žǿ
@?ɔɕÔǒ-ȥȺ¨ȭ+ǘǨǫ+Ǡˉ6 ʷśƜʡ-ƒʡĺ+Į?Ƽ
(.ǚȊ+Ǡ?(ǋ@ ʇ+ˉƫɜ?ƒʡÇɿƵ˃ƴʐȅ'
ɇB@?ƒʡĺÉǟ+č%	&	?*=/ˉƒʡÇɿƵ.ʷśƜʡ+Žǿ
@?ɔɕÔǒ-ȥȺ¨ȭ+ʱǘǨǫ+Ǡˉ6 ʷśƜʡ-ƒʡĺ+Į?
Ƽ+±ġ&Ǡ?(ǋ@  
6 ˉƠǼȇ'.ˉǨȆťɕʡ-ƒʡÇɿƵ(ɼªʏÝ–ťɕʡ-ƒʡÇɿ
ƵõčǾʐȅCŶ$-ˉ@(:Ǩ*?čǾʐȅCŶ$-:ƫɜ
 ʅ <
+ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ'.ˉȶÝǫ+ɼªʏÝ
CĦɇ?(+<#&ˉʏÝÖ´ñ;ʓřŞSi(	# ȶÝǫɼªʏÝ
ǘƛ-´ñCÑǡ'?îȶŞȰ=@?@=-´ñƒʡÇɿƵ+ī
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&	?*=/ˉȥȺ¨ȭǘǨŞ;ƒʡĺ+Į?Ƽ2-±ġŞ.ɼª
ʏÝ–ťɕʡ-ďô(ǨȆťɕʡ(-ďô'Ǩ*?îȶŞȰ=@? 
=+ˉƠǼȇ'.ˉƒʡÇɿƵ-čǾ+?ʐȅCƫɜ?(Cʉ
&ˉƒʡʷńǸɕ(õƒŞǸɕ@@-čǾ+?ʐȅǨ*?-ˉ?
	.ˉ«=-ʐȅÃƛ@&	?-Cƫɜ *B"ˉ:ƒʡʷ
ńǸɕ(õƒŞǸɕ'@@ǚȊ čǾʐȅġĈ&	&ˉƒʡÇɿƵ
:@@-ǚȊ čǾʐȅ+č%	&Ǡ&	?-'@/ˉƒʡÇɿƵ
ȥȺ¨ȭǘǨŞ;ƒʡĺ+Į?Ƽ2-±ġŞCŶ$ù.ˉƒʡʷ
ńǸɕ-ƒʡÇɿƵ-ďô(õƒŞǸɕ-ƒʡÇɿƵ-ďô'Ǩ*?îȶŞ
Ȱ=@? 
ƠǼȇ-Ħ˂ 1'.ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ-čǾ
ʐȅCɘƏ? 9+ˉȥȺ¨ȭǘǨŞ+$	&ƫɜ Ħ˂ 2'.ˉɼª
ʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ-čǾʐȅ+$	&=*?ɘƏC
ʌ9? 9+ˉƒʡĺ+Į?Ƽ2-±ġŞ+$	&ƫɜ Ħ˂ 3'
.ˉɼªʏÝ–ɔɕʡ-ƒʡÇɿƵ+ʢ&õƒŞǸɕ-ďô(ƒʡʷńǸɕ
-ďô('čǾʐȅǨ*?-ƫɜ? 9ˉĦ˂ 2'ǡ	 ƒʡʷńÏƆ
CõƒŞÏƆ+ēƗ&Ħ˂Cɇ# Ħ˂ 4'.ˉǨȆťɕʡ-ďô(ɼª
ʏÝ–ťɕʡ-ďô('ƒʡÇɿƵ-čǾʐȅǨ*?-ƫɜ *B
"ˉĦ˂ 2'ɇ# ɼªʏÝ–ɔɕʡ-ƒʡĺ-ʷśCˉɔȳɕʡ-ƒʡĺ-
ʷś+ēƗ 'ˉƒʡʷńǸɕ-ƒʡÇɿƵƒʡĺ+Į?Ƽ2-
±ġŞCŶ$-ƫɜ  
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ɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ
+?ȥȺ¨ȭǘǨŞ 
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Ħ˂ 1'.ˉȶÝŞ-ʢB?ɼªʏÝ–ťɕʡ-ƒʡÇɿƵˉȶÝŞ-ʢ
B=*	ǨȆťɕʡ-ƒʡÇɿƵ(Ǩ*?čǾʐȅCŶ$-Cƫɜ ń
ɫ'ʅ3 <
+ˉǨȆťɕˉǘ+ɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵȥ
Ⱥ?	.Ȉʡ¨ȭǘǨŞCŶ$( Heron et al. (2012) +<#&Ďû@&
	?Ő=-Ħ˂ȠƦ.ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵɔɕŢĎÉ
ǟ-ÎƜʐȅ+č%	&Ǡ&	?îȶŞCǿÿ&	?@+Į&ˉɼ
ªʏÝ–ɔɕʡ-ƒʡÇɿƵɔɕÉǟ-)-<
*ʐȅ+č%	&Ǡ&	
?-.6!ƫɜ@&	*	'ˉĦ˂ 1'.ˉɼªʏÝ–ɔɕʡ-ƒ
ʡÇɿƵȥȺ¨ȭǘǨŞCŶ$-ƫɜ Äªǫ+.ˉʷśƒ+ð?
	.Ĺɔʛ+ÔǒCŽǿˉ^W`ƒ+ʷśƒ(õ?	.êĮ-ɔʛ+Ô
ǒCŽǿ :ƒʡÇɿƵȥȺ¨ȭ+ǘǨǫ+Ǡ?-'@/ˉ^W
`ƒ+ʷśƒ(õ-ɔʛ+Žǿ@ ďô+-7ƒʡÇɿƵǠ?(
ǋ@ :ƒʡÇɿƵȥȺ¨ȭ+ʱǘǨǫ+Ǡ?-'@/ˉ^W
`ƒ+ʷśƒ(êĮ-ɔʛ+Žǿ@&:ƒʡÇɿƵǠ?(ǋ@
 ÏƆĮɱʒ
(+<#& Heron et al. (2012) (.Ǩ*?ȠƦǠ&
6
-Cʖ? 9ˉĦ˂ 1'. Heron et al. (2012) (õư+ƒʡʷńÏƆCǡ
	  
ȶÝǫ*ɼªʏÝ-LY]`-Ǹɕ.ˉƾřŞ-jGaf]P(ʓřŞ
-ʏÝŷ-Si@@-LY]`Cȡô :-'?(ǿÿ
@&	? (Obhi et al., 2009)- 9ˉɼªʏÝ–ɔɕʡ-ƒʡĺ-Éǟ.ˉ6
ȡôǫ*ÉǟCɇ
ɼªʏÝ-Éǟ-˃ƴʐȅ'ɼªʏÝ-LY]`-É
ǟɇB@ˉ-Œˉõư+˃ƴʐȅ6'Éǟ@ ɔɕŢĎ-LY]`(
ƻɿ@&ɼªʏÝ–ɔɕʡ-ƒʡĺ-ÉǟɇB@?ˉ(	
lYWCȟ
&ɇB@&	?îȶŞȰ=@?
'?(@/ˉɼªʏÝ–ɔɕʡ
-ƒʡÇɿƵ:ťɕŢĎÉǟ-˃ƴʐȅ+č%	&Ǡ&	?îȶŞȰ=
@?Ŕ#&ˉɼªʏÝ–ɔɕʡ-ƒʡÇɿƵ.ȥȺ¨ȭǘǨŞCŶ *	
(ǋ@? 
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Ę 1 
 
®Å 
 
Ę|xî 
ȏȱCú8 8ö [ǤŞ 5öˉĚŞ 3öˉŁˆ M (SD) = 22.5 (2.3) Ʒ] Ħ˂+
çÚ Â&-Ħ˂çÚȱ.ɎǴ?	.ǺƵ+<>Ƶľ*ɔÙCƛ&	
 ȏȱĔ-Ħ˂çÚȱ.Ħ˂-ǮǫCǸ=*# Â&-Ħ˂çÚȱ
=HjKuaSY`Cŕ  
 
uÊRöë 
Ħ˂.ˉƔħ'Ħ˂ȱCǵļ&ɇB@ Ħ˂çÚȱ.ïC®ǡ
&ˉȘ 57 cmÖƇ+¨ȭ@ 19 inch- CRT_GWl~H (EIZO FlexScan 
T766, |j~]Uy~` 60 Hz) CɖĬ Ôǒ-ÓŖ.SiyZ 
(Dell Precision T3400) Cǡ	&ɇB@ Äªǫ+.ˉMicrosoft Visual 
Basic .NETCǡ	&ÔǒCÓŖ ˄ȵƓ (0.1 cd/m2) -_GWl~H-
Ę+ˉǃɔǓ(&Ǫɀ-âĠ (1 × 1 arc deg, 107.5 cd/m2) CŽǿ ɔɕǫ
jGaf]Pˉ<1^W`Ôǒ(&ˉǪɀ-ƵƇō (1 × 1 arc deg, 107.5 
cd/m2) C_GWl~HĘ=Ĺ6 .ð2 4.5 arc degʭ@ ¨ȭ+Ș 17 ms
-ƒʡʟ'Žǿ OŲ-ëŕ+.SiyZǡOqa (Dell 
SK-8175) Cǡ	 Oqa-Oëŕ-ȕŅC? 9+ˉMicrosoft 
DirectX-Ƴȶ'? DirectInputCǡ	&OëŕCɇ# Ħ˂Ħ˂çÚ
ȱ-ŭ-Ý¬Ħ˂çÚȱ+ɒ&6B*	<
+ˉ˄	qa'ŭCɑ#
  (Figure 2)Ħ˂m]ajK (SONY MDR-1R) =pH`eHX (73 
dB SPL) Cǆ  
 
©ç 
Ħ˂.ʷśƹʨ(^W`ƹʨ- 2$'ƯŪ@ˉʷśƹʨ-Œ+^W`ƹʨ
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ɇB@  (Figure 3A)ʷśƹʨ-ʠĝƒ+ˉOCŲʪ-ʔÌ*^°C
Ħ˂çÚȱ+ǿ 9-Ôǒ (čǍ^°Ôǒ) (&ˉ1.54 Hz-^°'ǃ
ɔǓ-ȧ-ėC 0.2 arc deg= 0.4 arc deg2(Ș 17 ms-ʡēß Ħ
˂çÚȱ.čǍ^°ÔǒCɖĬˉŽǿ@ ^°(õȅŅ-^°'ˉ
3Ë-ʡðŭ'OCŲȣ  (3Ëʡ-ŀĊ-OŲĄƃ. 284Ą'
# )Ħ˂çÚȱ-OŲ+ôB&ˉ0 ms?	. 200 ms-ƒʡĺ (Ƶ
-·.ÔǒOŲ<>:Œ+Žǿ@ (Cɉ) C¥# ʷśÔǒC
Ĺɔʛ?	.ðɔʛ+Žǿ  
^W`ƹʨ'.ˉOŲ(ɔɕÔǒ(-ʡ-ɖǫõƒǓCşľǁ+<#
&ǋĤ *B"ˉʷśƹʨ'ɇB@ ʷśCȤŶ? 9-ÇʷśCŹ
7*=ˉOŲ(ɔɕÔǒ(-ʡ-ƒʡʷńÏƆCɇB óɢɇ-Î
9+ˉʷśƹʨ(õčǍ^°ÔǒCŽǿ Ħ˂çÚȱ.čǍ^°Ô
ǒ(õȅŅ-^°'óɢɇ+$OC 5ĄŲ 14ĄǮ-OŲ'
.ˉÇʷś(&ˉĦ˂çÚȱ-OŲ+ôB&ʷśƹʨ(õʷśÔǒ
CŽǿ -ƒˉ14ĄǮ-OŲʡ-ʡʩ-ŀĊCȒÊˉ)-ZH
Figure 2. ĘÔöë 1SªĔ
ï%ěGP->A
-7+ÆF;?C/Q+öÙ 1Sª©yc
ú%
ěĚHS?©+ù  
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tQ' 5ĄǮ-OŲɇB@?Cǋ 5ĄǮ-OŲ'.ˉ
ǋ@ OŲ-ZHtQ<>:Ö?	.Œ+ˉɢɇƺ+{[u*
ƒʡĺ' (0, ±30, 60, 90, 120, 150 ms, Ƶ-·.ÔǒOŲ<>:Œ+?
(Cɉ) ^W`ÔǒCŽǿ ^W`ÔǒCŽǿ?ɔʛ.ˉʷśÔǒ
(õˉ?	.êĮ-ɔʛ-)"='# 5Ą-OŲ-ŒˉĦ˂
çÚȱ.^W`Ôǒ 5ĄǮ-OŲ<>:Ö+Žǿ@ Œ+Žǿ@
 CĄȑ?<
ƾ9=@  
ʷśƒʡĺ (0 msʷśˉ200 msʷś; Figure 3A) (ʷśɔʛ (Ĺɔʛˉðɔ
ʛ)ˉ^W`ɔʛ (õɔʛˉêĮɔʛ; Figure 3B)ˉôɛ 3ɐą-ɋ˂ȱÆɛǥ
'# Ħ˂Y]Uz. 3Ëʡ-ʷśƹʨ( 110ɢɇ-^W`ƹʨ'ƯŪ
@ Ħ˂çÚȱ.óƢ¡+$ 2Y]Uzˉôɛ 16Y]UzCɇ#
 *B"ˉĦ˂çÚȱ.ƒʡʷń-ĄȑCôɛ 1760ɢɇɇ# Ħ˂ç
Figure 3. Ę 1¶^©ç  A. ĕ£°Đ¶^ĘÆ)  B. <
6>ûĎ¶^ĘÔuÊd  
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Úȱ. 1Ƌ+$ 4Y]Uzˉôɛ 4ƋʡĦ˂+çÚ k]P-ʡ+
.ʔĥ¢ũCŹD!Â&-Ƣ¡.Y]UzÆ'ćĤ@ˉƢ¡-Ħƈʷń
.Ħ˂çÚȱʡ'MIZf{WC(# Ħ˂-ŭȣ+ŧ@? 
9-Ȩȯ(&ˉ0 msʷśƢ¡' 20 s-ʷśƹʨˉõɔʛƢ¡' 10ɢɇ-
^W`ƹʨCĦ˂-Ö+ɇ#  
 
æ¸ 
 
^W`ƹʨ-óɢɇ+	&ˉĦʪ+Ų@ 5ĄǮ-OŲ(^W`Ô
ǒ(-ʡ-ƒʡĺ (Ƶ-·.^W`Ôǒ 5ĄǮ-OŲ<>:Œ+Žǿ
@ (Cɉ) (ƒʡʷńÏƆ-Ąȑ (^W`ÔǒŽǿ@ -. 5ĄǮ
-OŲ<>:Ö?	.Œ) ŕ=@ ǋ@ 5ĄǮ-OŲ-
ZHtQ(Ħʪ+Ų@ 5ĄǮ-OŲ-ZHtQ+.ɢɇƺ+ɧĺ
Ǡ?-'ˉ5ĄǮ-OŲ–^W`Ôǒʡ-ƒʡĺ.ǋ@ OŲ
-ZHtQ+č%	&Žǿ@ ƒʡĺ<>:ƂĈ ËĻCǿ -
 9ˉ5ĄǮ-OŲ–^W`Ôǒʡ-ƒʡĺC-400 ms= 400 ms6'-ȓ
Ć' 30 msƺ+áË ƒʡĺ-400 ms= 400 ms6'-ȓĆĔ(*#
 ɢɇ.-Œ-ËƤ=ʧĔ áË@ @@-áʡƺ+ˉ5Ą
Ǯ-OŲ–^W`Ôǒʡ-ƒʡĺ-Ę·(ˉƒʡʷńÏƆ-Ąȑ-
"
^W`ÔǒOŲ<>:Œ(Ąȑ ØôCµ-Ħ˂çÚȱ-_Z
=ȒÊ ʷśɔʛ-ƛŤ*ÜƦɒ=@*#  9ˉ-ËƤ'.ʷ
śɔʛƢ¡C6(9&ɇ# ȒÊ _Z+Į&Ƣ¡ƺ+lh]`Ɩ
ȧCjG]^GQˉɖǫõƒǓ(& 50%ʣ·CˉÏƆ-ȕŅ(&Ɩ
ȧ-¼CȒÊ  (Finney, 1971)Ɩȧ-¼.ƵɓËĻ-ƱǍ¸ĺ-ʇƃ+
Įś&	? 9ˉ¼-·ı	ďôƒʡʷńÏƆ-ȕŅ©	(CŤ
ý? 
Figure 4A.óƢ¡-ɖǫõƒǓ-ŀĊ·(ƱǍɧĺCǿɖǫõƒǓ
+$	&ʷśƒʡĺ×^W`ɔʛ- 2ɐąêŗǋĤËƂËƤCɇ# (Aˉ
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^W`ɔʛ-ÜƦ [F (1, 7) = 5.082, p = .059, ηp2 = .421] ( 2ɐąʡ-¬ǡ 
[F (1, 7) = 1.060, p = .974, ηp2 = .132] ƛŤ'*# :--ˉʷśƒʡĺ-
ÜƦƛŤ'#  [F (1, 7) = 17.346, p = .004, ηp2 = .712]ʷśƒʡĺ-ÜƦ
ƛŤ!# (	
ȠƦ=ˉ200 msʷśƢ¡'.ˉ0 msʷśƢ¡-ďô(ƻ
ɿ&ˉʷśƒ+İÁ@ ƒʡĺCɍ¾?Ƈ÷+ɖǫõƒǓēß 
Figure 4. Ę 1æ¸  A. ¶^ÂXýÖ°Ìh Àh<6
>uÊ
 5×1Sª%'#¡«ß)+ß Ā¹½ÈĀ
+ß  B. ¶^ÂEOB;>±éih Ā¹½ÈĀ+
ß  
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(ɒÊ@ 6 ˉ2ɐąʡ-¬ǡƛŤ'.*# (	
ȠƦ
=ˉ2$-ʷśƒʡĺƢ¡ʡ'Ǡ ɖǫõƒǓ-ēß-ʜ.ˉ^W`ɔ
ʛʷśɔʛ(õêĮ+ʢ³*õȅŅ'# (ɒÊ@  
Figure 4B.óƢ¡-lh]`Ɩȧ-¼-ŀĊ·(ƱǍɧĺCǿl
h]`Ɩȧ-¼+$	&ʷśƒʡĺ×^W`ɔʛ- 2ɐąêŗǋĤËƂËƤ
Cɇ# (AˉÜƦˉ¬ǡ.Â&ƛŤ'.*#  [ʷśƒʡĺ-
ÜƦˉF (1, 7) = 3.974, p = .086, ηp2 = .362; ^W`ɔʛ-ÜƦˉF (1, 7) = 4.385, 
p = .075, ηp2 = .385; 2ɐąʡ-¬ǡˉF (1, 7) = 1.424, p = .272, ηp2 = .169]
*B"ˉƢ¡-ʒ	+ś ƒʡʷńÏƆ-ȕŅ-ēÝ.ɥ9=@*#  
 
í 
 
Ħ˂ 1-ȠƦ=ˉɼªʏÝ(ɔɕÔǒ(-ʡ-ƒʡĺ+ʷś ďôˉʷ
śƒ-ɔɕÔǒ(õ-Žǿɔʛ!'*ˉêĮ-Žǿɔʛ+	&:ƒʡ
ʷńǸɕ-ƒʡÇɿƵǠ?(Ë# *B"ˉɼªʏÝ–ɔɕʡ
-ƒʡʷńǸɕ-ƒʡÇɿƵʷśƒ+Žǿ@ ɔɕÔǒ-ȥȺ¨ȭ+ʱ±
ġǫ+Ǡ?(ɒÊ@ ńɫ+	&ˉɔɕÉǟ-ÎƜʐȅ+č%	
&	?ʷśǞɱʷśƒ+Žǿ@ ɔɕÔǒ-ȥȺ¨ȭ+ǘǨǫ+Ǡ?
(ˉ6 ɔɕÉǟ-˃ƴʐȅ+č%	&	?ʷśǞɱʷśƒ+Žǿ@ ɔ
ɕÔǒ-ȥȺ¨ȭ+ʱǘǨǫ+Ǡ?(Cǿ Ħ˂ 1-ȠƦ.ˉȥȺ¨
ȭ+ǘǨǫ+Ǡ?<
*ÎƜʐȅ'.*ˉ@<>:˃ƴ-ˉȥȺ¨ȭ+
ʱǘǨǫ+Ǡ?<
*˃ƴʐȅ+č%	&ɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ
-ƒʡÇɿƵǠ&	?(Cǿÿ&	? 
Ħ˂ 1-ȠƦ.ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ-čǾʐȅǨȆťɕʡ-
ƒʡÇɿƵ-:-(.Ǩ*?(Cǿÿ?:-(*# ńɫ;-ȋ-È
ʹ'ʅ3 <
+ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵȥȺ?	.Ȉʡ
¨ȭ+Įś&Ǡ?(Ďû@&	? (Heron et al., 2012)@+Į
&ˉĦ˂ 1+	&ɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ȥȺ¨ȭ
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ǘǨŞCŶ *	(ɒÊ@ -<
*ʒ	.ˉɼªʏÝ–ťɕʡ-
ƒʡÇɿƵ(ǨȆťɕʡ-ƒʡÇɿƵ@@Ǩ*?ʐȅ+č%	&Ǡ&
	?îȶŞCǿÿ&	? 
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Ȏ 3ȋˊĦ˂ 2 
ƒʡĺ+Į?ƼɼªʏÝ–ɔɕʡ-ƒ
ʡʷńǸɕ-ƒʡÇɿƵ+è5Ŏʴ 
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Ħ˂ 1'.ˉȈʡ¨ȭǘǨŞ-ƫɜCʉ&ˉɼªʏÝ–ťɕʡ-ƒʡʷń
Ǹɕ-ƒʡÇɿƵťɕŢĎÉǟ-˃ƴʐȅ+č%	&Ǡ&	?(ǿÿ
@ Ħ˂ 2'.ˉĦ˂ 1'ǿÿ@ ɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-
ƒʡÇɿƵ+?˃ƴʐȅ-īC=+ƫɜ? 9+ˉʷśƜʡ-ɼ
ªʏÝ–ťɕʡ-ƒʡĺ+Į?ƼɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ'Ǡ
?ƒʡÇɿƵ+ŎʴCè5-ƫɜ ńɫ'ʅ3 <
+ˉɔǸɕ+
ʢ?ʷśǞɱ-
"ˉťɕŢĎÉǟ-˃ƴʐȅ+±ġ&	?:-.ʷśÔ
ǒ+Į?ƼCŚɐ(?Ŕ#&ˉ:ɼªʏÝ–ɔɕʡ-ƒʡʷńǸ
ɕ-ƒʡÇɿƵťɕŢĎÉǟ-˃ƴʐȅ+č%	&Ǡ&	?*=/ˉʷś
Ɯʡ-ƒʡĺ+Ƽ	&	?ďô+-7ƒʡÇɿƵǠ?(ǋ@?
Ħ˂ 1(õư+ˉʷśƜʡ-ťɕjGaf]P+ɔɕÔǒCˉƒʡʷń-
ÏƆĮɱ+ƒʡʷńC@@ǡ	  
 
 
Ę 2A 
 
Ħ˂ 2A'.ˉʷśƜʡ-ƒʡĺ+Į?ƼCſ¬?ŭƹ(&ˉ
l|Xuʷś+?Ȉʡǫȼ2-Ƽ-ŎʴCƫɜ Michel et al. 
(2007) (õư-Ħ˂g{[HuCǡ	 *B"ˉʷśƜʡ+ƒʡĺCı
Õ7+İÁ?('ƒʡĺ+Ƽʮ multiple-step lagƢ¡(ˉʷśƜ
ʡ+ƒʡĺCŅ+ĖİÁ?('ƒʡĺ+ƼƐ single-
step lagƢ¡-)"=+Ħ˂çÚȱCØ>Ō&ˉóƢ¡+$	&ƒʡÇɿƵ
Ǡ?-ƫɜ  
 
®Å 
 
Ę|xî 
@6'+ƒʡÇɿƵ-Ħ˂+çÚ ȟ˂-*	 15ö [ǤŞ 8öˉĚŞ 7
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öˉŁˆ M (SD) = 21.2 (0.5) Ʒ] Ħ˂+çÚ Â&-Ħ˂çÚȱ.ɎǴ
?	.ǺƵ+<>Ƶľ*ɔÙCƛ&	 Â&-Ħ˂çÚȱ.Ħ˂-Ǯǫ
CǸ=*# 7öC multiple-step lagƢ¡+ˉ8öC single-step lagƢ¡+Ø
>Ō& Â&-Ħ˂çÚȱ=HjKuaSY`Cŕ  
 
uÊRöë 
Ħ˂.ˉƔ	ʥʳħ (KAWAI FKS20-12) 'Ħ˂çÚȱCǵļ&ɇ# 
Ħ˂çÚȱ.ïC®ǡ&ˉȘ 57 cmÖƇ+¨ȭ@ 17 inch- CRT_
GWl~H (SONY CPD-G200Jˉ|j~]Uy~` 100 Hz) CɖĬ Ô
ǒ-ÓŖ.SiyZ (Mac Pro 5.1 OS X 10.8.2) Cǡ	&ɇB@ Äªǫ
+.ˉMatlab 7.14 (MathWorks) ( Psychophysics toolbox (Brainard, 1997; Kleiner, 
Brainard, Pelli, Ingling, Murray, & Broussard, 2007; Pelli, 1997) Cǡ	&ÔǒCÓ
Ŗ ˄ȵƓ (4 cd/m2) -_GWl~H-Ę+ˉǃɔǓ(&Ǫɀ-âĠ 
(0.75 × 0.75 arc deg, 107 cd/m2) CŽǿ ɔɕǫjGaf]Pˉ<1^
W`Ôǒ(&ˉǪɀ-ƵƇō (1.5 × 1.5 arc deg, 107 cd/m2) CǃɔǓ<> 2.25 
arc degƇ+ 10 ms-ƒʡʟ'Žǿ OŲ-ëŕ+.SiyZǡ
Oqa (Dell SK-8175) Cǡ	 Ħ˂ 1(õư+ˉĦ˂.Ħ˂çÚȱ-
ŭC˄	qa'ɑ	ˉɌǵ@ m]ajK (SONY MDR-1R) =pH
`eHX (73 dB SPL) Cǆ  
 
©ç 
Ħ˂Y]UzCɇ
Ö+ˉOŲ-Ƶǽ*^°CĢȯ? 9-O
ŲɝȨY]UzCĦ˂çÚȱ+ɇB OŲɝȨY]Uz.Ö
ä(Œä+Ë Öä'.ˉƺɢɇ-Î9+ˉOŲ-^°-w_}(
&ɔɕǫjGaf]P(õǪɀƵƇōC 1.54 Hz-^°' 6ĄŽǿ
 w_}-ŽǿŒˉĦ˂çÚȱ.w_}(õ^°' 6ĄOCŲ(
Cƾ9=@ Ħ˂çÚȱȻɼ-ŭCɒ?(*Oqa+ŭCƵǽ+
ʙȭ?('?<
+ˉŐ=-ĺŷ-¨ȭC F( J-O-ȉɷ+
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ôB?<
Ħ˂çÚȱ+Ɓǿ ȉɷOŲ+ŎʴCè5(Cʖ
? 9ˉðŭŷ'OCŲ<
+Ħ˂çÚȱ+Ɓǿ : 6Ą-O
Ųʡ- 5$-ʡʩ-«@ 500–800 ms-ȓĆCĔ@ ďô.ˉOŲ
-^°+Į?ɯû(&ƅȋ (“Too fast!” ?	. “Too slow!”) _G
Wl~H+Žǿ@ OŲɝȨY]Uz-Œä'.ˉOŲ-w_
}.Žǿ@ˉĦ˂çÚȱ.Öä'Žǿ@ w_}-^°CŜ	Ê*
= 6ĄOCŲ(Cƾ9=@ OŲ-^°+Į?ɯû.Öä
(õčǍ'Žǿ@ Öä(Œä.@@ 10ɢɇʋȣ'ɯûǔ'ʍ
ɇ' ďô+ȝ( *B"ˉOŲɝȨY]Uz'Ħ˂çÚȱ
.Ĳ*(: 20ɢɇ-ɖĬCɇ#  
Ħ˂Y]Uz'.ˉĦ˂çÚȱ.ʷś(ƒʡʷńÏƆCú8ɢɇCȬ>ʄ
ɇ#  (Figure 5A)Ħ˂ 1-<
+ʷś!Cɇ
<
*ƹʨCɟ*#
 ǟǣ.ˉʷś+<#&ƒʡÇɿƵǠ&	ʐȅCɖĬ? 9ˉ6 Ħ
˂ʟ*?(+<#&Ħ˂çÚȱʷśƜʡ-ƒʡĺ+ƼƳ£đ
&6
(Cʥ 9'# ʷś(ƒʡʷńÏƆCú8ɢɇCȬ>ʄ
ŭȣ':ƒʡÇɿƵǠ?(.ˉHeron et al. (2009) *)''+Ħɠ
@&	 ɢɇƺ+ˉĦ˂çÚȱ.OŲɝȨY]Uz'ɕ ^°
(õ^°' 6ĄOCŲ 14ĄǮ-OŲ'.ˉOŲ=
Ĥ-ƒʡĺC¥#&ɔɕǫjGaf]PCŽǿ 5ĄǮ-OŲ'
.ˉĦ˂çÚȱɔɕǫjGaf]Pʡ-ʡʩCÑǡ&ƒʡʷńCÏƆ
?(Cʥ 9+ˉ«:Žǿ*# -ƒˉ15ĄǮ-OŲ=
OŲʡ-ʡʩ-ŀĊCȒÊˉ)-ZHtQ' 6ĄǮ-OŲɇB
@?Cǋ 6ĄǮ-OŲ'.ˉǋ@ OŲ-ZHtQ
<>:Ö?	.Œ+ˉɢɇƺ+{[u*ƒʡĺ (±15, 45, 75, 105, 135 ms, 
Ƶ-·.ÔǒOŲ<>:Œ+Žǿ@ (Cɉ) '^W`ÔǒCŽ
ǿ 6Ą-OŲ-ŒˉĦ˂çÚȱ.^W`Ôǒ 6ĄǮ-OŲ<
>:Ö+Žǿ@ Œ+Žǿ@ CĄȑ?<
ƾ9=@ 6Ą-O
Ųʡ- 5$-ʡʩ-«@ 500800 ms-ȓĆCĔ@ ďô.ˉɢɇ-
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ƙŒ+OŲɝȨY]Uz(õư+ɯûƅCŽǿ  
Ħ˂çÚȱǳ×+Ħ˂+Ŕ&	?Cǽ9? 9ˉ6 Ħ˂çÚȱ
ʷśƜʡ-ƒʡĺ-İÁ+Ƽʮ? 9+ˉĦ˂Y]Uz-
ɢɇƺ+Ȕå*ʚɩʼCĦ˂çÚȱ+ɇB *B"ˉ14ĄǮ-O
Ų-ʡ+ˉ1Ą?	. 2Ą{[u*ZHtQ'ǃɔǓ-âĠCŪċ
ǯȧË(ƽŀȧË-ʟC 10 ms-ƒʡʟ' 1.5 × 1.5 arc deg+Ňʟ ƒʡ
ʷńÏƆ-ŒˉĦ˂çÚȱ.ǃɔǓŇʟ - 1Ą!#  2Ą!# 
Figure 5. Ę 2AĘ8;5LQ©ç AÿóÂÆ)+ěBĘ
=4-Q+ô  
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CĄȑ?(Cƾ9=@  
Figure 5B.Ħ˂Y]Uz-Ħ˂_THCǿ&	?Ħ˂çÚȱ.Ħ˂
Y]Uz'ôɛ 140ɢɇɇ# Ħ˂Y]Uz.ˉčǍƹʨ (40ɢɇ) (
ƒʡĺʷśƹʨ (100ɢɇ) +Ë=@ čǍƹʨCɇ# Œ+ƒʡĺʷś
ƹʨCɇ# čǍƹʨ'.ˉɔɕǫjGaf]Pƒʡĺǔ'Žǿ@
 ƒʡĺʷśƹʨ'.ˉ100ɢɇC 5$-ƒʡĺʷśk]P+Ë (1k
]Pƺ+ 20ɢɇ)ˉƒʡĺƢ¡+ś&ɔɕǫjGaf]P+ƒʡĺCİÁ
 *B"ˉmultiple-step lagƢ¡'.ˉ5$-k]P+	&ʷ+ 40, 
80, 120, 160, 200 ms-ƒʡĺCİÁ single-step lagƢ¡'.ˉ5$-k
]PÂ&' 200 ms-ƒʡĺCİÁ =+ˉsingle-step lagƢ¡+	&
-7ˉƒʡĺʷśƹʨ-ʠĝƒ+ɔɕǫjGaf]P+ƒʡĺİÁ@?
(C_GWl~H2-ƅȋŽǿ+<#&Ħ˂çÚȱ+Ɓǿ ó-Ħ˂
çÚȱ-_Z+Į&lh]`ƖȧCjG]^GQ?+.ˉčǍƹʨ
(ƒʡĺʷśk]P-ɢɇƃĲ*#  9ˉƒʡʷńÏƆCǡ	 ł$
-Ħ˂CçȰ+ˉÂþ-Ħ˂çÚȱ-_Z+Į&lh]`ƖȧCjG
]^GQ  (e.g., Corveleyn, Lopez-Moliner, & Coello, 2012) 
Ħ˂Y]Uz-Ö+ˉŭȣ+ŧ@? 9-Ȩȯɢɇ(&ˉɔɕǫ
jGaf]P+ƒʡĺǔ	ɢɇC 10ĄɇB Ħ˂Y]Uz-Œ
+ˉmultiple-step lagƢ¡CØ>Ō& Ħ˂çÚȱ+Į&ŒɶāCĦƈ
 Ȏ 1-ɶā(& 	ˉĦ˂Y]Uz+«ēß (*# 
(į, :Ħ˂çÚȱOŲ(ɔɕǫjGaf]P(-ʡ-ƒ
ʡĺ+$	&ɚè*# ďô+.ˉȎ 2-ɶā(& 	ˉĦ.Ħ˂Y]U
z-ʈ=ƒʡĺCİÁ&	 -!ˉ-ƒʡĺ+Ƽ	&	 
(į,  
 
æ¸ 
 
multiple-step lagƢ¡+Ø>Ō&=@ Â&-Ħ˂çÚȱˉŒɶā-Ȏ 1
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-ɶā+	&ƒʡĺ-İÁ+$	&.ɚèˉȎ 2-ɶā+	&ƒʡĺ
-İÁ+.Ƽ*# (Ąȑ multiple-step lagƢ¡( single-step lagƢ
¡Cú84(D)-Ħ˂çÚȱ.Ħ˂Y]Uz-ʚɩʼ+	&˃	g
jKsWCǿ  (Ƶȑǝ M = 93.8%, SD = 4.2) :--ˉsingle-step lagƢ
¡CØ>Ō&=@ 1ö-Ħ˂çÚȱ-ʚɩʼ-gjKsW-7Ʌ
©#  (Ƶȑǝ 57.1%)- 9ˉ-Ħ˂çÚȱ-_Z.Œ-ËƤ=
ʧĔ multiple-step lagƢ¡( single-step lagƢ¡(-ʡ+ʚɩʼ-Ƶȑǝ
-ƛŤ*ʒ	.ɒ=@*#  [multiple-step lagƢ¡, M = 95.5%, SD = 3.8; 
single-step lagƢ¡, M = 92.1%, SD = 4.1; tƫĤ (ºƫĤ), t(12) = 1.60, p > .05] 
Ħ˂Y]Uz-óɢɇ+	&ˉĦʪ+Ų@ 6ĄǮ-OŲ(^W
`Ôǒ(-ʡ-ƒʡĺ (Ƶ-·.^W`Ôǒ 6ĄǮ-OŲ<>:Œ+Ž
ǿ@ (Cɉ) (ƒʡʷńÏƆ-Ąȑ (^W`ÔǒŽǿ@ -. 6
ĄǮ-OŲ<>:Ö?	.Œ) ŕ=@ ǋ@ 6ĄǮ-OŲ
-ZHtQ(Ħʪ+Ų@ 6ĄǮ-OŲ-ZHtQ+.ɢɇƺ+
ɧĺǠ?-'ˉ6ĄǮ-OŲ–^W`Ôǒʡ-ƒʡĺ.ǋ@ O
Ų-ZHtQ+č%	&Žǿ@ ƒʡĺ (±15, 45, 75, 105, 135 ms) <>
:ƂĈ ËĻCǿ - 9ˉ6ĄǮ-OŲ–^W`Ôǒʡ-ƒʡĺ
C-300 ms= 300 ms6'-ȓĆ' 30 msƺ+áË ƒʡĺ-300 ms
= 300 ms6'-ȓĆĔ(*# ɢɇ (Â_Z- 0.5%) .-Œ-ËƤ=
ʧĔ áË@ @@-áʡƺ+ˉ6ĄǮ-OŲ–^W`Ôǒʡ
-ƒʡĺ-Ę·(ˉƒʡʷńÏƆ-Ąȑ-
"^W`ÔǒOŲ<>:
Œ(Ąȑ ØôCÂĦ˂çÚȱ-_Z=ȒÊ čǍƹʨ(óƒʡĺ
ʷśk]P-@=-·+Į&lh]`ƖȧCjG]^GQˉɖ
ǫõƒǓ(& 50%ʣ·CˉÏƆ-ȕŅ(&Ɩȧ-¼CȒÊ Ɩȧ-
¼.ƵɓËĻ-ƱǍ¸ĺ-ʇƃ+Įś&	? 9ˉı	¼.ƒʡʷń
ÏƆ-ȕŅ©	(CŤý?Figure 6.čǍƹʨ(ʘ-ƒʡĺʷśk
]P-ƒʡĺƢ¡ƺ-lh]`ƖȧCǿ 
Figure 7A.lh]`ËƤ=ŕ=@ ƒʡĺƢ¡ƺ-ɖǫõƒǓ(-
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95%´ʻáʡCǿmultiple-step lagƢ¡'.ˉƒʡĺʷśƹʨ'OŲ(
ɔɕǫjGaf]P(-ʡ+ƒʡĺİÁ@ +:ʢB=ˉÂ&-ƒʡ
ĺʷśk]P-ɖǫõƒǓ (M = 61.0 ms) čǍƹʨ-ɖǫõƒǓ (50.3 
ms) (õȅŅ-·Cǿ ƒʡĺʷśƹʨ-Â&- 95%´ʻáʡ.čǍƹʨ
- 95%´ʻáʡ(ʚɏ&	 @=-ȠƦ.ˉmultiple-step lagƢ¡'.Ħ
˂Y]UzCʉ&ɖǫõƒǓĤ'# (Cǿ&	?single-
step lagƢ¡'.ˉčǍƹʨ-ɖǫõƒǓ (35.0 ms) (ƻɿ&Â&-ƒʡĺ
ʷśk]P-ɖǫõƒǓ (M = 134.2 ms) ʷśƒ+İÁ@ ƒʡĺ-Ƈ
÷2Uj` ƒʡĺʷśƹʨ-Â&- 95%´ʻáʡ.čǍƹʨ- 95%´ʻ 
Figure 6.  Ę 2A°Đ¶^Â]ôÖEOB;>±é )&đ¬
lĘ|xî=S9(C,;<,Q3¢&)#( 
ozĐÿó¬+ô(  
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Figure 7.  Ę 2Aæ¸  A. °Đ¶^ÂXýÖ°Ì Àh<6
>uÊ
 6×1Sª%'#¡«ß)+ß Ā¹EOB
;>s·%¢&) 95%gėzĐěËòÌé¬°Đĕ£ÁĒ
XýÖ°ÌC,;<,Q3Øé+ß  B. °Đ¶^ÂE
OB;>±éi Ā¹EOB;>s·%¢&) 95%gėz
ĐěËòÌé¬°Đĕ£ÁĒEOB;>±éiC,;<,
Q3Øé+ß  C. °Đ¶^Â°Đĕt­}£Ñ  
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áʡ(ʭ&	 @=-ȠƦ.ˉsingle-step lagƢ¡'.ƒʡĺʷśƹʨ 
+	&ɳ&ɖǫõƒǓUj` (Cǿ&	? 
ƒʡĺʷśƹʨƒ+ɖǫõƒǓ)-<
+ēß -Cƫɜ? 9
+ˉÂ&-ƒʡĺʷśk]P-ɖǫõƒǓ+Į&ȧōĄĽËƤCɇ#  
(Figure 7A)ĄĽǯȧ-¼ƛŤ+ 0=ʭ&	?ƫɜ (Aˉ
multiple-step lagƢ¡'.¼ƛŤ+ 0=ʭ&	*#  [slope (SE) = 
1.065 (5.416), t(3) = 0.197, p > .05]@+Į&ˉsingle-step lagƢ¡'ɒ=@ 
ɲ-¼.ˉƛŤ+ 0=ʭ&	  [slope (SE) = -8.493 (1.622), t(3) = -5.235, 
p = .014]@=-ȠƦ.ˉsingle-step lagƢ¡+	&ˉƒʡĺʷśƹʨ-ʠ
ĝƒ+ɖǫõƒǓUj`ˉƒʡĺʷśƹʨ-ȟʐ+ś&-Uj`
œ+ǊĲ (Cǿ&	? 
Figure 7B.lh]`ËƤ=ŕ=@ ƒʡĺƢ¡ƺ-lh]`Ɩȧ-¼
(- 95%´ʻáʡCǿƇ-ƒʡĺƢ¡+	&ˉƒʡĺʷśƹʨƒ
-Â&- 95%´ʻáʡčǍƹʨƒ- 95%´ʻáʡ(ʚɏ&	 6 ˉÂ
&-ƒʡĺʷśk]P-¼+Į&ȧōĄĽËƤCɇ# (AˉƇ-
ƒʡĺƢ¡+	&ĄĽǯȧ-¼.ƛŤ+ 0=ʭ&	*# 
[multiple-step lagƢ¡, slope (SE) = -0.0001 (0.0004), t(3) = -0.254, p > .05; single-step 
lagƢ¡, slope (SE) = 0.0003 (0.0004), t(3) = 0.726, p > .05]@=-ȠƦ.ˉƇ
-ƒʡĺƢ¡+	&ƒʡʷńÏƆ-ȕŅĦ˂Y]UzCʉ&Ĥ'
# (Cǿ&	? 
Figure 7C.ƒʡĺƢ¡ƺ-ƒʡʷńÏƆ-êśǝCǿɖǫõƒǓ!
'*ˉƒʡʷńÏƆ-êśǝ-ēß:õư+ƒʡÇɿƵCêƑ?:-(Ȱ
=@?95%´ʻáʡ-ʚɏ+Ú&=*?ȡɛǫƫɜCɇ
 9+ˉč
Ǎƹʨ+?ƒʡʷńÏƆ-êśǝ(ƒʡĺʷśƹʨ+?ƒʡʷńÏƆ
-êśǝC χ2ƫĤCǡ	&ƻɿ Table 1.óƒʡĺƢ¡-ƒʡʷńÏƆ-
êśƃ(ˉχ2ƫĤ-ȠƦCǿ&	?multiple-step lagƢ¡'.ˉčǍƹʨ(
ó-ƒʡĺʷśk]P(-ʡ'ƒʡʷńÏƆ-êśǝ+ƛŤ*ʒ	.ɒ=
@*# single-step lagƢ¡'.ˉčǍƹʨ(ó-ƒʡĺʷśk]P(
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-ʡ'ƒʡʷńÏƆ-êśǝ-ƛŤ*ʒ	ɒ=@ 6 ˉsingle-step lagƢ
¡'.Â&-ƒʡĺʷśk]P' 200 ms-ƒʡĺİÁ@&	? 9ˉ
čǍƹʨ(ƒʡĺʷśƹʨÂª'êśǝCƻɿ (Aˉ±Ǖ(&êśǝ
+ƛŤ*ʒ	ɒ=@ @=-ȠƦ.ˉsingle-step lagƢ¡+	&-7ˉ
ƒʡĺʷśƹʨÂªCʉ&	^W`ÔǒOŲ<>:ÖêśčǍƹ
ʨƒ<>:đÚ (Cǿ&	? 
 
 
í 
 
Ħ˂ 2A-ȠƦ=ˉmultiple-step lagƢ¡( single-step lagƢ¡(-ʡ'ɼª
ʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ-Ǡ?ȅŅ+Əǽ*ʒ	ɒÊ
@ ʷśƒ-ƒʡĺıÕ7+İÁ@ˉĦ˂çÚȱ-ƒʡĺ+Ƽ
*# ďôˉƒʡĺʷśȎ 5k]P'. 200 ms:-ƒʡĺİÁ@ 
+:ʢB=ˉƒʡʷńǸɕ.ÇɿƵ@*# @+Į&ˉʷśƒ-
ƒʡĺŅ+ĖİÁ@&ƒʡĺ+Į&-Ɓǿ=@?('Ħ
˂çÚȱƒʡĺ+Ƽ	 ďôˉƒʡĺ-İÁ+ś&ƒʡʷńǸɕÇɿ
Ƶ@ ǘ+ˉmultiple-step lagƢ¡-ƒʡĺʷśȎ 5k]P(õĄƃ
 čǍƹʨ ƒʡĺʷśƹʨ 
  Ȏ 1k]P Ȏ 2k]P Ȏ 3k]P Ȏ 4k]P Ȏ 5k]P Âª 
Multiple-step lag Ƣ¡        
OŲ<>:Ö 171 84 90 80 78 89  
OŲ<>:Œ 108 56 50 59 60 51  
χ2(1)  0.07 0.36 0.54 0.87 0.21  
Single-step lag Ƣ¡        
OŲ<>:Ö 173 109 115 111 110 107 552 
OŲ<>:Œ 107 29 24 29 27 33 142 
χ2(1)  12.46** 18.97** 13.05** 14.45** 9.01** 33.04** 
** p < .01(+ô( ¶^Â 1ó× 2ó×
°Đĕt
­Ė+ě3ó×ÈÁĒÃą2h+ß(  
Table 1.  Ę 2A°Đĕt­æ¸  
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200 ms-ƒʡĺ+ƕʯ@ single-step lagƢ¡-ƒʡĺʷśȎ 1k]P+
	&:ˉƒʡÇɿƵǠ @=-ȠƦ.ˉʷśƒ-ƒʡĺ+Į?Ƽ
ɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ+ʚɐ*ŏØCƦ &
	?(Cǿÿ&	? 
*=ˉsingle-step lagƢ¡+	&-7ƒʡÇɿƵɒ=@ -.ˉ
ʷśƒ-ƒʡĺ+Į?Ƽ'.*-ɐą- 9'?îȶŞȰ=
@?Ȏ+ˉmultiple-step lagƢ¡+	& 200 ms-ƒʡĺİÁ@ ɢ
ɇ-ƃ (20ɢɇ) . single-step lagƢ¡-ďô (100ɢɇ) <>:Ĳ*# 
*B"ˉmultiple-step lagƢ¡'ƛŤ*ÇɿƵǠ*# -.ƒʡĺ+Į
?ƕʯ-ȦʜĲ*  9:@*	: single-step lagƢ¡(õȅ
Ņ-ƒʡĺƕʯʜ=@ ďôˉƒʡĺ+Ƽ	&	*&:ƛŤ*Çɿ
ƵǠ?îȶŞȰ=@?Ȏ+ˉsingle-step lagƢ¡'=@ ƒʡ
ĺ+Į?ƁǿƼ(.Ð-ŎʴCè5 îȶŞ:Ȱ=@?*B
"ˉĦ˂Y]Uz-ʈ'B(=	Ɓǿ=@ (+<#&ˉĦ
˂çÚȱ-ǃŤɼªʏÝ?	.ɔɕÔǒ+¸#&÷	&6# >ˉĦ˂
çÚȱĦ˂ȱ-ƜőCżǋ&6# >&ˉȠƦǫ+ƒʡʷńÏƆē
ß -:@*	 
Ħ˂ 2B'.ˉƒʡĺ+Į?ƕʯʜCƒʡĺ+Ƽ%ďô(Ƽ%*	ď
ô('õȐ+ =+ˉĦ˂ 2B'.ˉƒʡĺ+Į?ƁǿCĦ˂çÚȱ
+*# *B"ˉƒʡĺ+Į?ƕʯʜ;ƒʡĺ+Į?Ɓǿ-ƛ
ǔCȡÓ ďô+	&:ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ
-Ǡ?ȅŅƒʡĺ+Į?Ƽ-ƛǔ+ŎʴCì?-ɪ3  
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Ę 2B 
 
Ħ˂ 2B'.ˉÂ&-Ħ˂çÚȱ+Ħ˂ 2A- single-step lagƢ¡Cʷśƒ-
ƒʡĺ+ʢ?Ɓǿǔ'ɇB Ħ˂Y]UzȝŒˉĦ˂çÚȱ+ʷ
śƒ-ƒʡĺ+Ƽ	 Cį,ˉ-Ďû+č%	& unaware of lagȮ?
	. aware of lagȮ+Ëʿ Ŕ#&ˉƇ-Ȯʡ'ƒʡĺ+Į?ƕʯʜ
.õȐ'>ˉƒʡĺ+Į?Ɓǿ.)"=-Ȯ+:=@*# -
<
*ǙŦ+	&:ˉƒʡĺ+Į?Ƽ-ƛǔƒʡʷńǸɕ'Ǡ
?ɼªʏÝ–ɔɕʡƒʡÇɿƵ-Ǡ?ȅŅ+ŎʴCè5-ƫɜ  
 
®Å 
 
@6'+ƒʡÇɿƵ-Ħ˂+çÚ ȟ˂-*	 11ö [ǤŞ 2öˉĚŞ 9
öˉŁˆ M (SD) = 20.7 (0.9) Ʒ] Ħ˂+çÚ Â&-Ħ˂çÚȱ.ɎǴ
?	.ǺƵ+<>Ƶľ*ɔÙCƛ&	 Â&-Ħ˂çÚȱ.Ħ˂-Ǯǫ
CǸ=*# Â&-Ħ˂çÚȱ=HjKuaSY`Cŕ Ô
ǒˉɌȭˉŭȣ.Ħ˂ 2A- single-step lagƢ¡(õ( §ˉĦ˂Y
]Uz-ƒʡĺʷśƹʨ-ʠĝƒ+ƒʡĺ-İÁ+ʢ?ƁǿC*#
 Ħ˂ŒˉĦ˂ 2A- multiple-step lagƢ¡(õŒɶāCĦƈ  
 
æ¸í 
 
Ħ˂Œ-Œɶā+	&ˉ2ö-Ħ˂çÚȱ.Ȏ 1-ɶā'Ħ˂Y]Uz
+ɔɕǫjGaf]Pʎ@?<
+*# (CĎû - 2ö
-çÚȱ.Ȏ 2-ɶā'ɔɕǫjGaf]P-ƒʡĺ+Ƽ	&	 (Ďû
 @= 4ö-Ħ˂çÚȱ.Œ-ËƤ+	& aware of lagȮ(&Ů#
 Ȏ 2-ɶā+	&:ɔɕǫjGaf]P-ƒʡĺ+Ƽ*# (
Ďû Ƹ>- 7ö-Ħ˂çÚȱ.Œ-ËƤ+	& unaware of lagȮ(&
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Ů# Â&-Ħ˂çÚȱ.Ħ˂Y]Uz-ʚɩʼ+	&˃	gjK
sWCǿ  (Ƶȑǝ, M = 92.0%, SD = 6.9)unaware of lagȮ( aware of 
lagȮ(-ʡ+ʚɩʼ-Ƶȑǝ-ƛŤ*ʒ	.ɒ=@*#  [unaware of lag
Ȯ, M = 90.4%, SD = 8.3; aware of lagȮ, M = 94.8%, SD = 2.3; tƫĤ (ºƫĤ), 
t(9) = 1.02, p > .05] 
Ħ˂ 2A(õư-ËƤ+<#&ɖǫõƒǓ(lh]`Ɩȧ-¼Cŕ
 Figure 8.čǍƹʨ(ʘ-ƒʡĺʷśk]P-Ȯƺ-lh]`Ɩȧ
CǿáËƒ+ʧĔ ɢɇ-ƃ.Â_Z- 0.8%!# Figure 9A.
Figure 8.  Ę 2Bì]ôÖEOB;>±é )&đ¬l
Ę|xî=S9(C,;<,Q3¢&)#( o
zĐÿó¬+ô(  
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Figure 9.  Ę 2Bæ¸  A. ìXýÖ°Ì Àh<6>uÊ

6×1Sª%'#¡«ß)+ß Ā¹EOB;>s·
%¢&) 95%gėzĐěËòÌé¬°Đĕ£ÁĒXýÖ
°ÌC,;<,Q3Øé+ß  B. ìEOB;>±éi
 Ā¹EOB;>s·%¢&) 95%gėzĐěËòÌé¬
°Đĕ£ÁĒEOB;>±éiC,;<,Q3Øé+
ß  C. ì°Đĕt­}£Ñ  
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Ȯƺ-ɖǫõƒǓ(- 95%´ʻáʡCǿunaware of lagȮ'.ˉÂ&-
ƒʡĺʷśk]P-ɖǫõƒǓ (M = 37.5 ms) čǍƹʨ-ɖǫõƒǓ 
(24.8 ms) (õȅŅ'# aware of lagȮ+	&:ˉõư+ˉÂ&-ƒʡ
ĺʷśk]P-ɖǫõƒǓ (M = 49.4 ms) čǍƹʨ-ɖǫõƒǓ (41.4 
ms) (õȅŅ'# Ȯ+	&ˉÂ&-ƒʡĺʷśk]P- 95%´ʻ
áʡčǍƹʨ- 95%´ʻáʡ(ʚɏ&	  
Figure 9B.lh]`ËƤ=ŕ=@ Ȯƺ-lh]`Ɩȧ-¼(-
95%´ʻáʡCǿȮ+	&ˉƒʡĺʷśƹʨƒ-Â&- 95%´ʻáʡ
čǍƹʨƒ- 95%´ʻáʡ(ʚɏ&	 6 ˉÂ&-ƒʡĺʷśk]
P-¼+Į&ȧōĄĽËƤCɇ# (AˉȮ+	&ĄĽǯȧ-¼
. 0=ʭ&	*#  [unaware of lagȮ, slope (SE) = 0.0004 (0.0005), t(3) 
= 0.679, p > .05; aware of lagȮ, slope (SE) = 0.0011 (0.0009), t(3) = 1.195, p > .05]
@=-ȠƦ.ˉȮ+	&ƒʡʷńÏƆ-ȕŅĦ˂Y]UzCʉ&
Ĥ'# (Cǿ&	? 
aware of lagȮ+	&ˉƒʡĺʷśƹʨ-ʠĝʃ-k]P'.ɖǫõ
ƒǓđÚˉƒʡĺʷśƹʨ-ȟʐ+¥#&ɖǫõƒǓǊĲ&	?¼
÷ɒ=@  (Figure 9A)ƒʡĺʷśƹʨ-ƙÎ-Ƈ-k]P+?ɖ
ǫõƒǓ-đÚ.ˉƒʡʷńÏƆ-êśǝ- χ2ƫĤ+:êƑ@&	 Äª
ǫ+.ˉƒʡĺʷśȎ 1, 2k]P-ƒʡʷńÏƆ-êśǝčǍƹʨ(ƻɿ
&ƛŤ+Ǩ*?( χ2ƫĤ+<#&ǿ@  (Table 2, Figure 9C)ƒʡĺ
ʷśƹʨ-ȟʐ+¥
ɖǫõƒǓ-ǊĲƛŤ'?ƫɜ? 9ˉÂ&
-ƒʡĺʷśk]P-ɖǫõƒǓ+ȧōĄĽËƤCɇ# (AˉĄĽǯ
ȧ-ɲ-¼.ƛŤ+ 0=ʭ&	  [slope (SE) = -18.407 (4.039), t(3) = -
4.557, p = .020]@+Į&ˉunaware of lagȮ'.ˉčǍƹʨ(óƒʡĺʷ
śk]P(-ʡ'ƒʡʷńÏƆ-êśǝ+ƛŤ*ʒ	.ɒ=@*#  (χ2
ƫĤ, Table 2, Figure 9C)Â&-ƒʡĺʷśk]P-ɖǫõƒǓ+Į?ȧ
ōĄĽËƤ+	&:ˉĄĽǯȧ-¼. 0=ʭ&	*#  [slope 
(SE) = -2.861 (4.344), t(3) = -0.659, p > .05] 
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ƒʡʷńÏƆ-êśǝ+Į? χ2ƫĤ(ƒʡĺʷśƹʨ-ɖǫõƒǓ+Į
?ȧōĄĽËƤ-ȠƦ=ˉĦ˂çÚȱʷśƒ-ƒʡĺ+Ƽ	 ďô+
.ˉƒʡĺʷśƹʨ-ʠĝʃ'ƒʡÇɿƵǠƴȎ+čǍƹʨ(õǙŦ
+ū?(ǿ@ ƇˉĦ˂çÚȱƒʡĺ+Ƽ*# ďô+
.ˉƒʡĺİÁ@ +:ʢB=ƒʡÇɿƵɒ=@*#  
ƠĦ˂'.ƒʡĺ+Į?ƕʯʜƇ-Ȯʡ'õȐ'>ˉƒʡĺ+Į
?Ɓǿ.)"=-Ȯ+:=@*# - 9ˉƠĦ˂'ɒ=@ Ȯ
ʡ'-ƒʡÇɿƵ-Ǡ?ȅŅ-ʒ	.ƒʡĺ+Į?ƕʯʜ-ʒ	;Ɓǿ+
<?F\jEP`+<?:-'.*	(Ȱ=@?*B"ˉƠĦ˂-Ƞ
Ʀ=ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵʷśƒ-ƒʡĺ+Į
?Ƽ+±ġ&	?(<>Əǽ+ɒÊ@ Ħ˂ 2--<
*
ȠƦ.ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵťɕŢĎÉǟ-˃ƴ
ʐȅ+č%	&Ǡ&	?(Cǿÿ&	? 
  
 čǍƹʨ ƒʡĺʷśƹʨ 
  Ȏ 1k]P Ȏ 2k]P Ȏ 3k]P Ȏ 4k]P Ȏ 5k]P Âª 
Unaware of lag Ȯ        
OŲ<>:Ö 159 87 82 90 74 76 409 
OŲ<>:Œ 121 52 57 47 62 61 279 
χ2(1)  1.29 0.19 3.03 0.21 0.06 0.58 
Aware of lag Ȯ        
OŲ<>:Ö 93 57 57 51 45 49 259 
OŲ<>:Œ 67 23 23 29 35 30 140 
χ2(1)  3.92* 3.92* 0.70 0.08 0.33 2.26 
* p < .05(+ô( ì 1ó× 2ó×
°Đĕt­
Ė+ě3ó×ÈÁĒ°Đĕ£DO;2Đ2h+ß
(  
Table 2.  Ę 2B°Đĕt­æ¸  
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Ȏ 4ȋˊĦ˂ 3 
ƒʡĺ+Į?ƼɼªʏÝ–ɔɕʡ-õ
ƒŞǸɕ-ƒʡÇɿƵ+è5Ŏʴ 
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Ħ˂ 1, 2'.ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵťɕŢĎÉǟ-˃ƴʐȅ+
č%	&Ǡ&	?(ǿÿ@ ˉ@6'-Ħ˂'.Â&ƒʡ
ʷńǸɕCĮɱ+&ƫɜ&>ˉõƒŞǸɕ+$	&.ƞƫɜ'?õ
ƒŞǸɕ.ˉƒʡʷńǸɕ-čǾ+?ʐȅ<>:©ƴ-ʐȅī&	?
(	$-¿ɇǼȇ+	&ǿÿ@&	?¯/ˉƒʡʷńǸɕ.
ǃŤ+<?fHFWCì;	-+Į&ˉõƒŞǸɕ.ǃŤ+<?fHF
W+ƻɿǫʸ¹'? (Schneider & Bavelier, 2003)6 ˉƒʡʷńǸɕ'.)
-<
*ťɕw[|^G-Ȟ7ôB'#&:ȕŅõȐ'?-+Į
&ˉõƒŞǸɕ.ťɕw[|^G-Ȟ7ôB+ś&ȕŅǨ*? (Hirsh & 
Sherrick, 1961)@=-¿ɇǼȇ-ȠƦõƒŞǸɕ+?ȻÝǫˉÍǫ
*ÉǟɇB@?ÎƜʐȅ-īCêƑ :-'?(@/ˉɼªʏÝ–
ťɕʡ-õƒŞǸɕ-ƒʡÇɿƵ.ˉʷśƜʡ-ɼªʏÝ–ťɕʡ-ƒʡĺ
+Į?Ƽ-ƛǔ+ʢ³*Ǡ?(ǋ@? 
Ħ˂ 3'.ˉĦ˂ 2A(õư+ˉʷśƒ+ƒʡĺCıÕ7+İÁ?
multiple-step lagƢ¡(ˉʷśƒ+ƒʡĺCŅ+ĖİÁ? single-step lag
Ƣ¡-)"=+ɖĬȱCØ>Ō&ˉóƢ¡+$	&ƒʡÇɿƵǠ?-
ƫɜ §ˉĦ˂ 2A(.ʒ	ˉ^W`ƒ+ƒʡʷńÏƆ'.*õƒŞ
ÏƆCɇB  
 
Ę 3 
 
®Å 
 
@6'+ƒʡÇɿƵ-Ħ˂+çÚ ȟ˂-*	 14ö [ǤŞ 10öˉĚŞ
4öˉŁˆ M (SD) = 24.1 (2.8) Ʒ] Ħ˂+çÚ Â&-Ħ˂çÚȱ.ɎǴ
?	.ǺƵ+<>Ƶľ*ɔÙCƛ&	 Â&-Ħ˂çÚȱ.Ħ˂-Ǯǫ
CǸ=*# Â&-Ħ˂çÚȱ=HjKuaSY`Cŕ 8
öC multiple-step lagƢ¡+ˉ6öC single-step lagƢ¡+Ø>Ō& ÔǒˉɌ
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ȭˉŭȣ.Ħ˂ 2A(õ( ǘ+ˉĦ˂ 2A(õưˉsingle-step lagƢ
¡+	&-7ˉʷśƜʡ+ƒʡĺİÁ@?(CĦ˂çÚȱ+Ɓǿ
 6 ˉmultiple-step lagƢ¡CØ>Ō& Ħ˂çÚȱ+Į&Ħ˂ 2A(õ
ŒɶāCĦƈ  
Ħ˂Y]Uz-ɢɇƺ-Ąȑ-7ˉĦ˂ 2A(.Ǩ*# *B"ˉĦ
˂Y]Uz-óɢɇ+? 6Ą-OŲ-Œˉ^W`Ôǒ 6ĄǮ-O
Ų(õƒ+Žǿ@ õƒ+Žǿ@*# CĄȑ?<
Ħ˂ç
Úȱ+ƾ9  
 
æ¸í 
 
Ħ˂Œ-Œɶā+	&ˉmultiple-step lagƢ¡CØ>Ō& 2ö-Ħ˂ç
ÚȱȎ 2-ɶā	Ħ.Ħ˂Y]Uz-ʈ=ƒʡĺCİÁ&	 -!
ˉ-ƒʡĺ+Ƽ	&	 +Į&	ʈ'ƒʡĺ+Ƽ	 (Ď
û - 9ˉ@=-Ħ˂çÚȱ-_Z.Œ-ËƤ=ʧĔ Ƹ
>- 6ö-Ħ˂çÚȱ.Ȏ 2-ɶā+	&:ƒʡĺ+Ƽ*# (Ďû
 Â&-Ħ˂çÚȱ.Ħ˂Y]Uz-ʚɩʼ+	&˃	gjK
sWCǿ  (Ƶȑǝ, M = 92.4%, SD = 5.5)multiple-step lagƢ¡( single-
step lagƢ¡(-ʡ+ʚɩʼ-Ƶȑǝ-ƛŤ*ʒ	.ɒ=@*#  
[multiple-step lagƢ¡, M = 95.0%, SD = 3.8; single-step lagƢ¡, M = 89.8%, SD = 
6.0; tƫĤ (ºƫĤ), t(10) = -1.82, p > .05] 
Ħ˂Y]Uz-óɢɇ+	&ˉĦʪ+Ų@ 6ĄǮ-OŲ(^W
`Ôǒ(-ʡ-ƒʡĺ(õƒŞÏƆ-Ąȑŕ=@ Ħ˂ 1(õư-ŭǁ'
6ĄǮ-OŲ–^W`Ôǒʡ-ƒʡĺCáËˉáʡƺ- 6ĄǮ-OŲ
–^W`Ôǒʡ-ƒʡĺ-Ę·(ˉõƒŞÏƆ-Ąȑ-
"^W`Ôǒ
OŲ(õƒ+Žǿ@ (Ąȑ ØôCÂĦ˂çÚȱ-_Z=ȒÊ
 ʱȧōƙıǁCǡ	&NIWʢƃCjG]^GQˉNIWʢƃ
-ŀĊ( SDCƾ9 NIWʢƃ-ŀĊ.	õƒêśǝƙĖ(*?ƒ-
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6ĄǮ-OŲ–^W`Ôǒʡ-ƒʡĺCɉ-'ˉɖǫõƒǓ+ǰŌ
?NIWʢƃ- SD.NIWʢƃ-Ń>Cɉ-'ˉõƒŞÏƆ-ȕŅ+
ǰŌ?SDĖ	ďô.õƒŞÏƆ-ȕŅ©	(CŤý?Figure 
10.čǍƹʨ(ʘ-ƒʡĺʷśk]P-ƒʡĺƢ¡ƺ-NIWʢƃCǿ
 
Figure 11A.ʱȧōƙıǁ+<?NIWʢƃ-jG]^GQ+<#&
ƾ9=@ ƒʡĺƢ¡ƺ-ɖǫõƒǓ(- 95%´ʻáʡCǿmultiple-
step lagƢ¡'.ˉƒʡĺʷśƹʨ-ʠĝƒ-ɖǫõƒǓ (Ȏ 1k]P, 
63.1 ms) .čǍƹʨ-ɖǫõƒǓ (67.8 ms) (õȅŅ!# :--ˉƒʡĺ
Figure 10.  Ę 3°Đ¶^Â]ôÖ0.6đ¬ )&đ¬l
Ę|xî=S9(C,;<,Q3¢&)#( o
zĐÿó¬+ô(  
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ʷśƹʨ-ȟʐ+¥	ǐƴǫ+ʷśƒ-ƒʡĺ-Ƈ÷2Uj` ǘ+ˉƙ
:Ė*ƒʡĺİÁ@ Ȏ 5k]P-ɖǫõƒǓ (117.4 ms) +	&
ƙ:Ė*Uj`ɒ=@ 160, 200 ms-ƒʡĺ@@İÁ@ ƒʡ
ĺʷśƹʨ-Ȏ 4, 5k]P- 95%´ʻáʡ.ˉčǍƹʨ- 95%´ʻáʡ(
ʭ&	 ƒʡĺʷśƹʨ+?ɖǫõƒǓ-ǐƴǫ*Uj`ƛŤ'
Figure 11.  Ę 3æ¸ A. °Đ¶^ÂXýÖ°Ì Àh<6>
uÊ
 6×1Sª%'#¡«ß)+ß Ā¹ēé ²
ZYÅ%(C,;<,Q3¢&) 95%gėzĐěËòÌé¬
°Đĕ£ÁĒXýÖ°ÌC,;<,Q3Øé+ß ú¯
"ěêĄå+Ę 1°%'#Ð(  B. °Đ¶^Â0
.6đ¬ SD Ā¹ēé ²ZYÅ%(C,;<,Q3¢&)
95%gėzĐěËòÌé¬°Đĕ£ÁĒ0.6đ¬ SDC,
;<,Q3Øé+ß  
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?ƫɜ? 9ˉÂ&-ƒʡĺʷśk]P-ɖǫõƒǓ+ȧōĄĽË
ƤCɇ# (AˉĄĽǯȧ-Ƶ-¼.ƛŤ+ 0=ʭ&	  [slope 
(SE) = -12.046 (2.380), t(3) = 5.062, p = .015]single-step lagƢ¡'.ˉƒʡĺʷś
ƹʨ-ɖǫõƒǓ (M = 130.0 ms) .čǍƹʨ-ɖǫõƒǓ (80.8 ms) (ƻ
ɿ&Âªǫ+ʷśƒ-ƒʡĺ-Ƈ÷+Uj`&	 (ɒÊ@ ǘ
+ˉȎ 4, 5k]P- 95%´ʻáʡčǍƹʨ- 95%´ʻáʡ(ʭ&	
 ƒʡĺʷśƹʨ-ȟʐ+¥#&ɖǫõƒǓēß -ƫɜ? 9
+ɇ# ȧōĄĽËƤ'.ˉĄĽǯȧ-¼. 0=ʭ&	*#  
[slope (SE) = 0.867 (4.598), t(3) = 0.189, p > .05] 
Figure 11B.ʱȧōƙıǁ+<?NIWʢƃ-jG]^GQ+<#&
ƾ9=@ ƒʡĺƢ¡ƺ-NIWʢƃ- SD(- 95%´ʻáʡCǿƇ
-ƒʡĺƢ¡+	&ˉƒʡĺʷśƹʨƒ-Â&- 95%´ʻáʡčǍƹʨƒ
- 95%´ʻáʡ(ʚɏ&	 Â&-ƒʡĺʷśk]P-¼+Į&ȧ
ōĄĽËƤCɇ# (Aˉmultiple-step lagƢ¡'.ĄĽǯȧ-Ƶ-¼ƛ
Ť+ 0=ʭ&	  [slope (SE) = 5.706 (1.466), t(3) = 3.893, p = .030]@
+Į&ˉsingle-step lagƢ¡'.ˉĄĽǯȧ-¼. 0=ʭ&	*#
  [slope (SE) = 2.144 (1.903), t(3) = 1.126, p > .05]@=-ȠƦ.ˉƢ¡+
	&čǍƹʨ(ƒʡĺʷśƹʨ(-ʡ'õƒŞÏƆ-ȕŅ+ʒ	.ɒ=@*
# :--ˉmultiple-step lagƢ¡+	&-7ƒʡĺʷśƹʨ-ȟʐ+¥#&
õƒŞÏƆ-ȕŅ# (Cǿ&	?'ɒ=@ ƒʡĺƢ¡ʡ
-ʒ	.ˉsingle-step lagƢ¡'.ƒʡĺʷśƹʨ-ȟʐ+ʢB=ƒʡĺ
Ĥ'?-+Į&ˉmultiple-step lagƢ¡'.ƒʡĺʷśƹʨ-ȟʐ+¥#&
ƒʡĺ:đÚ&	? 9+Ǡ :-'?(Ȱ=@?ƒʡĺ+ʷś
?(ɖǫõƒǓ-Uj`!'*õƒŞ-ȕŅ:?(	
ȠƦ.ˉõ
ƒŞÏƆ-ƒʡÇɿƵCƫɜ ¿ɇǼȇ'ĕĎû@&	? (e.g., Fujisaki 
et al., 2004; Roseboom & Arnold, 2011; Vatakis et al., 2008) 
Ħ˂ 3'.ˉÏƆ-ĮɱǨ*?(Cʧ/4(D)Ħ˂ 2A(õĦ˂
ÆĪ!# -+:ʢB=ˉĦ˂ 2A(.Ǩ*?ȠƦŕ=@ multiple-step 
 53 
lagƢ¡'.ˉĦ˂çÚȱʷśƒ-ƒʡĺ+Ƽ*# +:ʢB=ˉ
ƒʡĺ-đÚ+ś&ɖǫõƒǓ:Uj` ƙĖ-ƒʡĺ'? 200 ms
-ƒʡĺİÁ@ Ȏ 5k]P'.ˉčǍƹʨƒ<>:ƒʡĺƇ÷2 49.6 
msUj`&	 -Uj`ʜ.ˉsingle-step lagƢ¡-ƒʡĺʷśƹʨ-
ɖǫõƒǓ-ŀĊ-Uj`ʜ (49.2 ms) (45õȅŅ!# @=-ȠƦ
.ˉɼªʏÝ–ɔɕʡ-õƒŞǸɕ-ƒʡÇɿƵʷśƒ-ƒʡĺ+Į?Ƽ
(.ǚȊ&Ǡ?(Cǿÿ&	?*B"ˉĦ˂ 3-ȠƦ.ɼª
ʏÝ–ɔɕʡ-õƒŞǸɕ-ƒʡÇɿƵťɕŢĎÉǟ-ÎƜʐȅ+č%	&
Ǡ&	?(Cǿÿ&	? 
  
 54 
 
 
 
 
 
 
 
 
 
 
 
 
Ȏ 5ȋˊĦ˂ 4 
ƒʡĺ+Į?Ƽɔȳɕʡ-ƒʡʷńǸ
ɕ-ƒʡÇɿƵ+è5Ŏʴ 
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Ħ˂ 2'.ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵʷśƜʡ-
ƒʡĺ+Į?Ƽ+±ġ?(Ə=+*# Ħ˂ 4'.ˉ-ƒ
ʡĺ+Į?Ƽ2-±ġŞǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ+Į
&:Ⱦß'?-ƫɜ  
ńɫ'ʅ3 <
+ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ȥȺ?	.
Ȉʡ¨ȭǘǨŞCŶ$( Heron et al. (2012) +<#&Ə=+*# Ő=
-Ħ˂ȠƦˉǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵťɕŢĎÉǟ-ÎƜ
ʐȅ+č%	&Ǡ&	?(CêƑ :-'?*=/ˉʷśƜʡ+ƒ
ʡĺ+Ƽ	&	*	ďô+	&:ˉǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿ
ƵǠ?(ǋ@? 
ȥȺ?	.Ȉʡ¨ȭǘǨŞɒÊ@ Heron et al. (2012) -Ǽȇ('?
!õƒʡÇɿƵCŮ
<
+? 9+ˉɔɕÔǒ(ȳɕÔǒCǡ	 Ǩ
Ȇťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ-Ħ˂Cɇ# Ħ˂ 2, 3'Ů# ɼª
ʏÝ–ɔɕʡ-ƒʡÇɿƵ-Ħ˂'ǡ	 ƒʡĺ(Êƣ?ʦ>õɟĤ+?
 9ˉʷśƜʡ-ɔȳɕÔǒʡ-ƒʡĺ.ˉȳɕ¿ɇˉɔɕŒȣ-ƒʡĺ-
7CŮ	ˉɔɕ¿ɇˉȳɕŒȣ-ƒʡĺ.ŮB*#  
 
Ę 4 
 
®Å 
 
Ę|xî 
@6'+ƒʡÇɿƵ-Ħ˂+çÚ ȟ˂-*	 25ö [ǤŞ 8öˉĚŞ
17öˉŁˆ M (SD) = 20.7 (1.6) Ʒ] Ħ˂+çÚ Â&-Ħ˂çÚȱ.Ƶ
ľ*ɔÙȳÙCƛ&	 Â&-Ħ˂çÚȱ.Ħ˂-ǮǫCǸ=*#
 15öC multiple-step lagƢ¡+ˉ14öC single-step lagƢ¡+Ø>Ō& 
Â&-Ħ˂çÚȱ=HjKuaSY`Cŕ  
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uÊRöë 
Ħ˂ 2, 3'ǡ	 Ɍȭ(õ:-CĦ˂ 4'ǡ	 ˄ȵƓ (4 cd/m2) -_
GWl~H-Ę+ˉǃɔǓ(&Ǫɀ-âĠ (0.75 × 0.75 arc deg, 107 cd/m2) 
CŽǿ ʷśɔɕÔǒ?	.^W`ɔɕÔǒ(&ˉǪɀ-ƵƇō (1.5 
× 1.5 arc deg, 107 cd/m2) CǃɔǓ<> 2.25 arc degƇ+ 10 ms-ƒʡʟ'Žǿ
 ʷśƒ+ɇB?ʚɩʼ'ǡ	?Ôǒ(&ˉǪɀ- 1= 96'-
ƃĠ (Ŀ Ș 0.75 × ˃ Ș 1.88 arc deg, 107 cd/m2) CǃɔǓ-Žǿ¨ȭ+ 980 
ms-ƒʡʟ'Žǿ ʷśȳɕÔǒ?	.^W`ȳɕÔǒ(&ˉ800 Hz
-șʳC 10 ms-ƒʡʟ'ˉonset( offset+@@ 2.5 ms-^gC
&m]ajK (SONY MDR-1R) =Žǿ SiyZ-UW^uǩ
Ǡ&6
ɔɕÔǒ(ȳɕÔǒ(-ʡ-ƒʡĺCjK`[HLa(sHP
+<#&ǋĤˉ-ƒʡĺɍƵ@?<
+ŽǿƒǓCɪƄ - 
9ˉ-ƅȋ'ɞʅ@?ɔɕÔǒ(ȳɕÔǒ(-ʡ-ƒʡĺ.Ǘǟǫ*ƒ
ʡĺ+ȼ  
 
©ç 
 
Ħ˂çÚȱ.ˉʷś(ƒʡʷńÏƆCú8ɢɇCȬ>ʄɇ*#  (Figure 
12A)ɢɇƺ+ˉʷśɔȳɕÔǒ 6ĄŽǿ@ Œˉ^W`ɔȳɕÔǒŽ
ǿ@ ʷśɔȳɕÔǒ-Žǿ'.ˉȳɕÔǒ(ɔɕÔǒ(-ʡ+Ĥ-ƒ
ʡĺİÁ@ ɔȳɕÔǒʡ-ʡʩ. 500900 ms-ȓĆ'{[u+ƿ
Ĥ 6ĄǮ-ʷśɔȳɕÔǒ(^W`ɔȳɕÔǒ(-ʡ+. 1500 ms-ʡ
ʩɟ=@ ^W`ɔȳɕÔǒ-Žǿ'.ˉȳɕÔǒ(ɔɕÔǒ(-ʡ+
ɢɇƺ+{[u*ƒʡĺ (±30, 90, 150, 210, 270 ms, Ƶ-·.ɔɕÔǒȳɕ
Ôǒ<>:Œ+Žǿ@ (Cǿ) İÁ@ ^W`ɔȳɕÔǒ-Ž
ǿŒˉĦ˂çÚȱ.^W`ɔɕÔǒ^W`ȳɕÔǒ<>:Ö+Žǿ@ 
Œ+Žǿ@ CĄȑ?<
ƾ9=@  
Ħ˂çÚȱǳ×+Ħ˂+Ŕ&	?Cǽ9? 9+ˉ6 Ħ˂çÚ
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ȱʷśƒ-ƒʡĺ+Ƽʮ? 9+ˉɢɇƺ+Ȕå*ʚɩʼCɇB
 6Ą-ʷśɔȳɕÔǒ-Žǿ-ʡ+ˉ5$-ƃĠCʋȣǫ+Žǿ 
ƒʡʷńÏƆ-Œˉ_GWl~H+ 1$-ƃĠçǖƃĠ(&Žǿ@ˉĦ
˂ȱçÚȱ.ʋȣǫ+Žǿ@ 5$-ƃĠ-+-çǖƃĠú6@&	
 ú6@&	*# CĄȑ?(Cƾ9=@ Âɢɇ-
"äË-
ɢɇ' 5$-ƃĠ-+çǖƃĠú6@  9ˉ\xW~n}. 50 %!#
  
Figure 12.  Ę 4©ç A 1ÿóÂÆ)+ěBĘ=4-Q+ô
(  
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Figure 12B.Ħ˂_THCǿĦ˂çÚȱ.Ħ˂Y]Uz'ôɛ 140
ɢɇɇ# Ħ˂Y]Uz.ˉčǍƹʨ (40ɢɇ) (ƒʡĺʷśƹʨ (100
ɢɇ) +Ë=@ čǍƹʨCɇ# Œ+ƒʡĺʷśƹʨCɇ# čǍƹ
ʨ'.ˉʷśɔȳɕÔǒƒʡĺǔ'Žǿ@ ƒʡĺʷśƹʨ'.ˉ
100ɢɇC 5$-ƒʡĺʷśk]P+Ë (1k]Pƺ+ 20ɢɇ)ˉƒʡĺ
Ƣ¡+ś&ʷśɔȳɕÔǒ+ƒʡĺCİÁ *B"ˉmultiple-step lag
Ƣ¡'.ˉ5$-k]P+	&ʷ+ 40, 80, 120, 160, 200 ms-ƒʡĺ (ȳɕ
ÔǒÖˉɔɕÔǒŒ) CİÁ single-step lagƢ¡'.ˉ5$-k]
PÂ&' 200 ms-ƒʡĺ (ȳɕÔǒÖˉɔɕÔǒŒ) CİÁ =
+ˉsingle-step lagƢ¡+	&-7ˉƒʡĺʷśƹʨ-ʠĝƒ+ʷśɔȳɕÔ
ǒ+ƒʡĺİÁ@?(C_GWl~H2-ƅȋŽǿ+<#&Ħ˂çÚȱ
+Ɓǿ  
Ħ˂Ö+ˉŭȣ+ŧ@? 9-Ȩȯɢɇ(&ˉʷśɔȳɕÔǒ+ƒ
ʡĺǔ	ɢɇC 10ĄɇB Ħ˂Œ+ˉmultiple-step lagƢ¡CØ>Ō&
 Ħ˂çÚȱ+Į&Ħ˂ 2A, Ħ˂ 3(õư-ŒɶāCĦƈ  
 
æ¸ 
 
Ħ˂Œ-Œɶā+	&ˉmultiple-step lagƢ¡CØ>Ō& 4ö-Ħ˂ç
ÚȱȎ 1-ɶā	Ħ˂Y]Uz+«ēß (*# +Į
&	16ĄǮ-ɔȳɕÔǒ-Žǿ+	&ɔɕÔǒ(ȳɕÔǒ-ZHtQ
@&	 (Ďû @=-Ħ˂çÚȱ-_Z.Œ-ËƤ=ʧĔ
 Ƹ>- 9ö-Ħ˂çÚȱ.Ȏ 2-ɶā	Ħ.Ħ˂Y]Uz-ʈ=
ƒʡĺCİÁ&	 -!ˉ-ƒʡĺ+Ƽ	&	 +Į&:ƒʡ
ĺ+Ƽ*# (Ďû Â&-Ħ˂çÚȱ.Ħ˂Y]Uz-ʚ
ɩʼ+	&˃	gjKsWCǿ  (Ƶȑǝ, M = 93.3%, SD = 5.9)
multiple-step lagƢ¡( single-step lagƢ¡(-ʡ+ʚɩʼ-Ƶȑǝ-ƛŤ*ʒ
	.ɒ=@*#  [multiple-step lagƢ¡, M = 91.0%, SD = 6.2; single-step lag
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Ƣ¡, M = 95.1%, SD = 5.2; tƫĤ (ºƫĤ), t(19) = 1.66, p > .05] 
óɢɇ+	&ˉ^W`ɔɕÔǒ(^W`ȳɕÔǒ(-ʡ-ƒʡĺ (Ƶ-·
.ɔɕÔǒȳɕÔǒ<>:Œ+Žǿ@ (Cɉ&	?) (ƒʡʷńÏ
Ɔ-Ąȑŕ=@ ^W`ɔȳɕÔǒʡ-ƒʡĺƺ+ˉƒʡʷńÏƆ-Ąȑ
-
"ɔɕÔǒȳɕÔǒ<>:Œ(Ąȑ ØôCÂĦ˂çÚȱ-_Z
=ȒÊ čǍƹʨ(óƒʡĺʷśk]P-@=-·+Į&lh]
`ƖȧCjG]^GQˉɖǫõƒǓ(& 50%ʣ·CˉÏƆ-ȕŅ(
&lh]`Ɩȧ-¼CȒÊ Figure 13.čǍƹʨ(ʘ-ƒʡĺʷś
k]P-ƒʡĺƢ¡ƺ-lh]`ƖȧCǿ 
Figure 14A.lh]`ËƤ=ŕ=@ ƒʡĺƢ¡ƺ-ɖǫõƒǓ(
Figure 13.  Ę 4°Đ¶^Â]ôÖEOB;>±é )&đ¬
lĘ|xî=S9(C,;<,Q3¢&)#( 
¾ĄÀhûüuÊ
ðüuÊ%'#¡«ß)+ô(  
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- 95%´ʻáʡCǿmultiple-step lagƢ¡'.ˉÂ&-ƒʡĺʷśk]P
-ɖǫõƒǓ (M = 26.9 ms) čǍƹʨ-ɖǫõƒǓ (19.4 ms) (õȅŅ
'# Â&-ƒʡĺʷśk]P- 95%´ʻáʡčǍƹʨ- 95%´ʻá
ʡ(ʚɏ&	 single-step lagƢ¡'.ˉčǍƹʨ-ɖǫõƒǓ (-11.3 
ms)(ƻɿ?(ƒʡĺʷśk]P-ɖǫõƒǓÂªǫ+ƒʡĺƇ÷2
Uj` ¼÷ɒ=@  (M = 30.8 ms) :--ˉ95%´ʻáʡ.)-k]
P+	&:čǍƹʨ(ʭ*# óƢ¡+$	&Â&-ƒʡĺʷśk
]P-ɖǫõƒǓ+ȧōĄĽËƤCɇ# :--ˉ)"=-Ƣ¡+	&
:ĄĽǯȧ-¼. 0=ʭ&	*#  [multiple-step lagƢ¡, slope 
(SE) = -7.522 (5.988), t(3) = -1.256, p > .05; single-step lagƢ¡, slope (SE) = -2.713 
(4.469), t(3) = -0.607, p > .05] 
Figure 14B.lh]`ËƤ=ŕ=@ ƒʡĺƢ¡ƺ-lh]`Ɩȧ-
¼(- 95%´ʻáʡCǿ&	?multiple-step lagƢ¡'.ˉƒʡĺʷś
ƹʨƒ-Â&- 95%´ʻáʡčǍƹʨƒ- 95%´ʻáʡ(ʚɏ&	 Â
&-ƒʡĺʷśk]P-¼+Į&ȧōĄĽËƤCɇ# (AˉĄĽǯ
ȧ-¼. 0=ʭ&	*#  [slope (SE) = 0.0001 (0.0001), t(3) = 1.463, p 
> .05]single-step lagƢ¡'.ˉƒʡĺʷśƹʨ-ÖäʘË'lh]`Ɩȧ
-¼čǍƹʨ<>:ŝķ(*?¼÷ɒ=@ Â&-ƒʡĺʷśk]
P-¼+Į?ȧōĄĽËƤ'.ĄĽǯȧ-¼ 0=ʭ&	*#
 :-- [slope (SE) = -0.0003 (0.0001), t(3) = -2.835, p > .05]ˉƒʡĺʷśƹʨ-
Ȏ 1k]P'. 95%´ʻáʡčǍƹʨ- 95%´ʻáʡ(ʭ&	 
@=-ȠƦ.ˉsingle-step lagƢ¡+	&ʷśƒ+ƒʡĺİÁ@ ǯŒ+
ƒʡʷńÏƆ-ȕŅ˃6# (Cǿ&	? 
ƒʡÇɿƵǠ&	?ƫɜ? 9-=*?ËƤ(&ˉĦ˂ 1(õ
ư+ˉčǍƹʨ+?ƒʡʷńÏƆ-êśǝ(ó-ƒʡĺʷśk]P+
?ƒʡʷńÏƆ-êśǝC χ2ƫĤ+<#&ƻɿ Table 3.óƒʡĺƢ
¡-ƒʡʷńÏƆ-êśƃ(ˉχ2ƫĤ-ȠƦCǿ&	?multiple-step lagƢ
¡'.ˉčǍƹʨ(ó-ƒʡĺʷśk]P(-ʡ'ƒʡʷńÏƆ-êśǝ
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Figure 14.  Ę 4æ¸  A. °Đ¶^ÂXýÖ°Ì Àhûü
uÊ
ðüuÊ%'#¡«ß)+ß Ā¹EOB;>s·
%¢&) 95%gėzĐěËòÌé¬°Đĕ£ÁĒXýÖ
°ÌC,;<,Q3Øé+ß  B. °Đ¶^ÂEOB;>±
éi Ā¹EOB;>s·%¢&) 95%gėzĐěËòÌ
é¬°Đĕ£ÁĒEOB;>±éiC,;<,Q3
Øé+ß  C. °Đ¶^Â°Đĕt­}£Ñ  
 62 
+ƛŤ*ʒ	.ɒ=@*# single-step lagƢ¡'.ˉčǍƹʨ(ƒʡĺʷ
śȎ 4k]P(-ʡ'ƒʡʷńÏƆ-êśǝ-ƛŤ*ʒ	ɒ=@ 6
 ˉčǍƹʨ(ƒʡĺʷśƹʨÂª'ƻɿ?(ˉêśǝ+ƛŤ*ʒ	ɒ=
@ @=-ȠƦ.ˉsingle-step lagƢ¡+	&-7ƒʡĺʷśƹʨ-	^
W`ÔǒOŲ<>:ÖêśčǍƹʨƒ<>:đÚ (Cǿ&
	? 
 
í 
 
Ħ˂ 4'.ˉȶÝǫ*ɼªʏÝC¥B*	ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡ
ÇɿƵʷśƒ-ƒʡĺ+Į?Ƽ+±ġ&	?-ƫɜ Heron 
et al. (2012) -Ə=+ ɔȳɕʡ-ƒʡʷńǸɕ-ÇɿƵȥȺ?	.Ȉ
ʡ¨ȭ+±ġ?(	
ȠƦ=ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ť
ɕŢĎÉǟ-ÎƜʐȅ+č%	&Ǡ&	?(ǿÿ@ Ŕ#&ˉɔȳ
ɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ʷśƒ-ƒʡĺ+Į?Ƽ+ʱ±ġǫ
+Ǡ?(ǋ@ ˉĦʪ+.ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒ
ʡÇɿƵ:Ħ˂ 2-ɼªʏÝ–ɔɕʡƒʡÇɿƵ(õư+ʷśƒ-ƒʡĺ+Į
?Ƽ+±ġ&	?îȶŞĦ˂ 4-ȠƦ=ǿÿ@ Äªǫ+
 čǍƹʨ ƒʡĺʷśƹʨ 
  Ȏ 1k]P Ȏ 2k]P Ȏ 3k]P Ȏ 4k]P Ȏ 5k]P Âª 
Multiple-step lag Ƣ¡        
OŲ<>:Ö 192 103 103 94 91 99  
OŲ<>:Œ 168 77 77 86 89 81  
χ2(1)  0.73 0.73 0.06 0.37 0.13  
Single-step lag Ƣ¡        
OŲ<>:Ö 234 135 129 135 136 125 660 
OŲ<>:Œ 246 105 111 105 104 115 540 
χ2(1)  3.60 1.60 3.60 4.01* 0.71 5.37* 
* p < .05(+ô( ¶^Â 1ó× 2ó×
°Đĕt­
Ė+ě3ó×ÈÁĒÃą2h+ß(  
Table 3.  Ę 4°Đĕt­æ¸  
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.ˉχ2ƫĤ-ȠƦ=ˉĦ˂çÚȱʷśƒ-ɔȳɕʡ-ƒʡĺ+Ƽ	 ď
ô+.ƒʡʷńÏƆ-êśǝēß :--ˉĦ˂çÚȱʷśƒ-ɔȳɕ
ʡ-ƒʡĺ+Ƽ*# ďô+.ƒʡĺ-đÚ+¥
ƒʡʷńÏƆ-êś
ǝ-ēß.ɒ=@*#  
Ħ˂ 4'.ˉʷśƒ-ƒʡĺ+Ƽ single-step lagƢ¡+	&ˉƒʡ
ĺ2-ʷś+<#&ƒʡʷńǸɕ-ȕŅƎ ǘ+ˉƒʡĺʷśƹʨ-
Öä-k]P'ʾɅ+Ǝ&	 ƒʡĺʷśƹʨ+?ƒʡʷńǸɕ
-ȕŅ-Ǝ.ˉȕŅ+ēß-*# Ħ˂ 2; multiple-step lagƢ¡'ȕŅ-
©ɒ=@ Ħ˂ 3'.ɒ=@*	¼÷'# ƒʡĺ+ʷś?(+
<#&ƒʡʢ³-Ǹɕ-ȕŅƎ?(	
ȠƦ.ˉ@6'-ƒʡÇɿƵ
+ʢ?¿ɇǼȇ'Ďû@&	*	-¿ɇǼȇ(Ħ˂ 4- single-step lag
Ƣ¡(-ʒ	.ˉʷśƒ+ƒʡĺİÁ@?ʪ+ˉƒʡĺ+$	&Əǿǫ+
Ɓǿ&	?Ǔ'?6 ˉĦ˂ 4'ŕ=@ ƒʡʷńǸɕ-ȕŅ.ˉĦ˂
2'ŕ=@ ƒʡʷńǸɕ-ȕŅ<>:Âªǫ+©# Äªǫ+.ˉčǍ
ƹʨ(Â&-ƒʡĺʷśk]P'ŕ=@ řǟǋĤʢƃ-¼-ŀĊĦ˂
2A- single-step lagƢ¡'. 0.0070 (SE = 0.0005) *-+ĮˉĦ˂ 4- single-
step lagƢ¡'. 0.0052 (SE = 0.0003) '# @=CȰŨ?(ˉĦ˂ 4
'.ˉƒʡʷńǸɕ-ȕŅ©Əǽ*ÏƆʮ	ˉƒʡĺ-Ɓǿ	ƙÎ
= 6ĄǮ6'-ɔɕÔǒȳɕÔǒ<>:ʎ@&Žǿ@6CĦ˂çÚ
ȱƒʡʷńÏƆ-Ąȑ-ŭ>(&ǡ	?('ˉčǍƹʨƒ<>:ƒ
ʡʷńǸɕ-ȕŅCƎ?(îȶ(*# îȶŞȰ=@? 
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ƠǼȇ'.ˉɼªʏÝ–ťɕʡ;ǨȆťɕʡ'Ǡ?õƒŞƒʡʷńǸɕ
-ƒʡÇɿƵ+$	&ˉťɕŢĎÉǟ-)-<
*ʐȅ+č%	&Ǡ&	?
-ƫɜ ÉǟƹʨCƫɜ?ŭƹ(&ˉȥȺ¨ȭǘǨŞˉƒʡĺ+Į
?Ƽ2-±ġŞ- 2$Cǡ	 :ÔǒĵŞCȻÝǫÍǫ+Éǟ
?<
*ÎƜʐȅ+č%	&ƒʡÇɿƵǠ&	?*=/ˉƒʡÇɿƵ.
ʷśÔǒ-Žǿ@ ȥȺ¨ȭ+ǘǨǫ+Ǡˉ$ƒʡĺ+Į?Ƽ(
.ǚȊ&Ǡ?(ǋ@ êĮ+ˉ:ɏʬ*ǘŘCǃŤ+<#&
ʕűǫ+ȡôÉǟˉƙȝǫ+LkVJP`ɉɱCōŪ?<
*˃ƴʐȅ+
č%	&ƒʡÇɿƵǠ&	?*=/ˉƒʡÇɿƵ.ʷśÔǒ-Žǿ@ 
ȥȺ¨ȭ+ʱǘǨǫ+Ǡˉ$ƒʡĺ+Į?Ƽ+±ġ&Ǡ?(
ǋ@  
Ħ˂ 1'.ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵȥȺ¨ȭǘǨ
ŞCŶ$-ƫɜ ^W`ÔǒCʷśÔǒ(õ-ɔʛˉ?	.êĮ-
ɔʛ+Žǿ (AˉƇ-Ƣ¡'ƒʡÇɿƵǠ *B"ˉɼªʏ
Ý–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ȥȺ¨ȭ+ʱǘǨǫ+Ǡ?(
ɒÊ@  
Ħ˂ 2'.ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵʷśƜʡ-
ƒʡĺ+Į?Ƽ+±ġ?-ƫɜ Ħ˂ 2A'.ˉʷśƜʡ-
ƒʡĺCŅ+ĖİÁˉƒʡĺ+ʢ?ƁǿC single-step lagƢ¡
'.ƒʡÇɿƵǠ @+Į&ˉʷśƜʡ-ƒʡĺCıÕ7+İÁ
ˉƒʡĺ+ʢ?ƁǿC*# multiple-step lagƢ¡'.ƒʡÇɿƵ
Ǡʮ*# ˉĦ˂ 2A' single-step lagƢ¡+	&-7ƒʡÇɿ
ƵǠ -.ˉʷśƜʡ-ƒʡĺ+Ƽ	&	  9'.*ˉƒʡĺ+
Į?ƕʯ-Ȧʜ-ʒ	;Ɓǿ+<?ÜƦ+<?:-'?îȶŞȰ=@
 - 9ˉĦ˂ 2B'.ˉÂ&-Ħ˂çÚȱ+Į&ˉʷśƜʡ-ƒʡ
ĺCŅ+ĖİÁˉƒʡĺ+ʢ?ƁǿC*# =+ˉŒ
ɶā-Ąȑ+č%	&ƒʡĺ+Ƽ	 Ȯ(Ƽ*# Ȯ+ËʿˉȮʡ
ƻɿCɇ# Ŕ#&ˉƒʡĺ+Ƽ	 Ȯ(Ƽ*# Ȯ(-ʡ'ƒʡ
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ĺ+Į?ƕʯʜ.õȐ'>ˉ)"=-Ȯ+:ƒʡĺ+Į?Ɓǿ=
@*# Ħ˂-ȠƦˉƒʡĺ+Ƽ	 Ȯ+	&-7ƒʡÇɿƵǠ
 Ħ˂ 2A, B-ȠƦ=ˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵʷ
śƜʡ-ƒʡĺ+Į?Ƽ+±ġ&Ǡ?(ɒÊ@  
Ħ˂ 3'.ˉɼªʏÝ–ɔɕʡ-õƒŞǸɕ-ƒʡÇɿƵʷśƜʡ-ƒ
ʡĺ+Į?Ƽ+±ġ?-ƫɜ Ħ˂ 2A(õư+ˉmultiple-step 
lagƢ¡( single-step lagƢ¡Cɟ&ƒʡÇɿƵ-Ǡ?ȅŅCƻɿ 
-ȠƦˉ single-step lagƢ¡!'*ˉmultiple-step lagƢ¡+	&:ƒʡ
ÇɿƵǠ -ȠƦ=ˉɼªʏÝ–ɔɕʡ-õƒŞǸɕ-ƒʡÇɿƵ
.ʷśƜʡ-ƒʡĺ+Į?Ƽ(.ǚȊ&Ǡ?(ɒÊ@  
Ħ˂ 4'.ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵʷśƜʡ-ƒʡĺ+
Į?Ƽ+±ġ?-ƫɜ Ħ˂ 2Aˉ3(õư+ˉmultiple-step lag
Ƣ¡( single-step lagƢ¡Cɟ&ƒʡÇɿƵ-Ǡ?ȅŅCƻɿ -Ƞ
ƦˉĦ˂ 2A(õư+ˉ single-step lagƢ¡'.ƒʡÇɿƵǠ?¼÷ɒ=
@ :--ˉ multiple-step lagƢ¡'.ƒʡÇɿƵǠʮ*# -Ƞ
Ʀ=ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵʷśƜʡ-ƒʡĺ+Į?
Ƽ+±ġ&Ǡ?îȶŞɒÊ@  
'.ˉ@=-ȠƦCč+&ˉƒʡʢ³-ÏƆĮɱ-ʒ	 (ƒʡʷń
õƒŞ) ;ȁȟ´ñ-ȶÝŞ-ƛǔ (ɼªʏÝ–ťɕʡǨȆťɕʡ) +
ś&ƒʡÇɿƵ-čǾ+?ʐȅ)-<
*ǘŞCŶ$-CȰĬ? 
 
ăbĉy–¦üĐ°ĐĕÛü°ĐpąÀÞĊà 
 
Ħ˂ 1(Ħ˂ 2-ȠƦ=ˉɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ
ʷśÔǒ-Žǿ@ ȥȺ¨ȭ+ʱǘǨǫ+Ǡˉƒʡĺ+Į?Ƽ+
±ġ&Ǡ?(ɒÊ@ @=-ȠƦ.ˉɼªʏÝ–ťɕʡ-ƒʡ
ʷńǸɕ-ƒʡÇɿƵťɕŢĎÉǟ-˃ƴʐȅ+č%	&Ǡ&	?(C
ǿÿ&	?'.ˉɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵÄ
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ªǫ+.ťɕŢĎÉǟ-)-<
*ʐȅ+č%	&Ǡ&	?-ȰĬ? 
Ħ˂ 1'ɒ=@ ƒʡĺ2-ʷś+<?ɖǫõƒǓ-ēßʜ.ˉʷś 
ɔʛ(.êĮ-ɔʛ+Žǿ (&:ˉõ-ɔʛ-ďô-ēßʜ(45õ
Ȑ'# Äªǫ+.ˉõɔʛ'ɒ=@ ɖǫõƒǓ-ēßʜêĮɔ
ʛ2ɾȄ Øô.Ș 98%'# -ɾȄǝ.ˉɔǸɕ-ʷśǞɱ'ɒ=
@&	?ɾȄǝ(ƻ3&:ʱľ+Ė	¯/ˉƇ¨;ɀ<>:˃ƴ-Éǟ
'?(ɚB@&	?ʽ-Éǟʢ?ʷś'#&:ˉ-ɾȄǝ.Ș
40%'? (Melcher, 2005)Ŕ#&ˉɔɕʛ+	&LkVJP`ɉɱōŪ
ȝB?ƹʨ6'ɔɕÔǒ-Éǟʌ7ˉ-ŒɼªʏÝ-LY]`(-ǖ
ôɇB@?ʐȅ'-ƒʡĺ-Éǟ+č%	&ɼªʏÝ–ɔɕʡ-ƒʡʷńǸ
ɕ-ƒʡÇɿƵǠ&	?:-(Ȱ=@? 
Ħ˂ 2'.ˉʷśƜʡ+ɼªʏÝ(Ôǒ(-ʡ-ƒʡĺCıÕ7+đÚ
?('ˉĦ˂çÚȱʷśƜʡ-ƒʡĺ+Ƽʮ*?<
+ 
*B"ˉıÕ7*đÚ+<#&ƒʡĺ+ǃŤ÷*	 9+ƒʡĺ+Ƽ
	&	*	ˉ 6 6ǃŤ÷	 >ƌƼ	 >&6/ĪƐ+ƒ
ʡĺCǸɕ'?<
*ǙŦ'# Ħˉƒʡĺ+Į?ƁǿC 
single-step lagƢ¡'.ˉÂ&-Ħ˂çÚȱĦʪ+ƒʡĺCǸɕ' (Œ
ɶā'ȑ&	 -<
*ǙŦ.ˉńɫ'Ȝ ˉƼǠ?-+
.âË*q`uF]lÉǟǑĈǫ+ɇB@&	?:--ˉǃŤ	 9
+ƼǠ&	*	ǙŦˉ*B"ÖŤɮÉǟ+ɤŌ? 
ƠǼȇ'ɇ# ɼªʏÝ–ɔɕʡ-ƒʡĺ+Į?Ƽ-Ŏʴ-ƫɜ.ˉ
Ȼ=-ɼªʏÝ;ɔɕÔǒ-Žǿ+.Ƽ	&	?ˉƒʡĺ+.Ƽ*	
(	
ǙŦ'# *B"ˉɼªʏÝ;ɔɕÔǒȻª.LkVJP`ɉɱ
-ōŪ@?˃ƴʐȅ6'ÉǟʌD'	 :-(Ȱ=@?@+:ʢB
=ɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵǠ*# (	
(
.ˉǃŤ+<?FPYW+<#&Ťɮ+?('ťɕŢĎÉǟ-˃ƴʐȅ'
ɇB@?ƒʡĺ-ÉǟˁÝ?(	
(Cǿÿ&	?ńɫ+	&ˉ
2$-ťɕŢĎʡ-ƒʡĺ-Éǟ.ˉ-<
+óťɕʛ-ÎƜǫ*ʐȅ
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=-ÁÙCÉǟ?<
*ƹʨ(ˉ2$-ťɕŢĎ-ȡô- 9+ǃŤ+<?
`]l[IÉǟCŚɐ(?<
*ƹʨ-@@'ɇB@&	?îȶŞ
?(CȜ  (Fujisaki et al., 2006; Meredith et al., 1987)Ħ˂ 2-ȠƦC
ȰŨ?(ˉɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ˉFujisaki et al. 
(2006) Ħɠ ǃŤ+<?`]l[IÉǟCŚɐ(?<
*ƹʨ'ɇB
@?ƒʡĺ-Éǟ+±ġ&Ǡ&	?:-(Ȱ=@? 
 
°ĐđfÛüt­Ă£ÞĊàċ 
 
Ħ˂ 3=ˉɼªʏÝ–ťɕʡ-õƒŞǸɕ-ďôˉǃŤ+<?`]l[I
Éǟ	 9+ʷśƜʡ-ƒʡĺ+Ƽ	&	*	ǙŦ':ƒʡÇɿ
ƵǠ?(Ə=+*# -ȠƦ.ˉƒʡʷńǸɕ-ďô(ʒ#
&ˉǃŤ+<?`]l[IÉǟCŚɐ(*	ˉq`uF]lÉǟ-7'ɇ
B@?ƒʡĺ-Éǟ+č%	&ɼªʏÝ–ťɕʡ-õƒŞǸɕ-ƒʡÇɿƵ
Ǡ&	?(Cǿÿ&	? 
ńɫ+	&ˉõƒŞǸɕ(ƒʡʷńǸɕ(-ʡ-čǾ+?ʐȅ-ʒ	+
$	&ˉõƒŞǸɕǠ ŒˉõƒŞǸɕ+č%	&ƒʡʷńǸɕǠ?
(	
w_} (Hirsh & Sherrick, 1961) (ˉƒʡʷńǸɕ(õƒŞǸɕ@
@ǚȊ&Ǡ?(	
w_} (Jaśkowski, 1991; Stelmach & Herdman, 1991) -
2$CȜ ƠǼȇ'ɒÊ@ ƒʡʢ³-ÏƆĮɱ+ś ƒʡÇɿƵ
-čǾɩȅ-ʒ	=ˉ@= 2$-w_}-)"=<>ƒʡʢ³-Ǹɕ-
čǾ+?ʐȅCɨƏ'?CȰĬ? 
õƒŞǸɕǠ ŒˉõƒŞǸɕ+č%	&ƒʡʷńǸɕǠ?(	

w_}'.ˉõƒŞǸɕ.ƒʡʷńǸɕ-ŚɐƢ¡'?- 9ˉõƒŞ
Ǹɕ'ƒʡÇɿƵǠ ďô+.ˉƒʡʷńǸɕ:õư+ƒʡÇɿƵǠ
?:-(Ȱ=@?*=ˉƠǼȇ'.ˉʷśƜʡ-ƒʡĺ+Ƽ
	&	*	ďô+õƒŞǸɕ'ƒʡÇɿƵǠ +:ʢB=ˉƒʡʷńǸ
ɕ'.ƒʡÇɿƵǠ*# Ŕ#&ˉõƒŞǸɕǠ ŒˉõƒŞǸ
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ɕ+č%	&ƒʡʷńǸɕǠ?(	
w_}'ƒʡʢ³-ǸɕɇB@&
	?(.Ȱʮ	 
@+Į&ˉƒʡʷńǸɕ(õƒŞǸɕ@@ǚȊ&Ǡ?(	

w_}'@/ˉÏƆĮɱĔ.õĦ˂'?-+:B=ˉƇ-Ï
ƆĮɱ'.ƒʡÇɿƵǠˉƇ-ÏƆĮɱ'.ƒʡÇɿƵǠ*	ˉ(
	
ȠƦ:ǷǱ*ɨƏ?('?*B"ˉƠǼȇ-ȠƦ=ˉõ
ƒŞǸɕ.ťɕŢĎÉǟ-ÎƜʐȅ'ɇB@?ƒʡĺ-Éǟ+č%	&ˉƒʡ
ʷńǸɕ.ťɕŢĎÉǟ-˃ƴʐȅ'ɇB@?ƒʡĺ-Éǟ+č%	&ˉ@
@ǚȊ+Ǡ&	?:-(Ȱ=@? 
õƒŞǸɕ(ƒʡʷńǸɕǨ*?ʐȅ'@@ǚȊ&Ǡ&	?-
.ˉ@@-Ǹɕ-ǘŘ+ś ÉǟCŚɐ(? 9'?(Ȱ=@
?õƒŞǸɕ-ďôˉ2$-ťɕŢĎʡ-ƒʡĺ-ŢĎ@/õƒŞÏ
ƆC(îȶ'?*B"ˉ2$-ťɕŢĎʡ-ƒʡĺı@
/õƒ'?(ÏƆˉĖ@/ʱõƒ'?(ÏƆ?('?
- 9ˉó-ťɕw[|^G-ÎƜʐȅ6'Éǟ@ ˉLkVJP`(
&-ɉɱōŪ@&	*	ťɕŢĎCǡ	 ƒʡĺ-Éǟ+č%	&õƒŞ
ÏƆC/ȿ	@+Į&ˉƒʡʷńǸɕ-ďôˉ2$-ťɕŢĎʡ-
ƒʡĺ-ŢĎ!'*ˉÖ?	.Œ+Ǹɕ@ -.)"=-ťɕŢĎ*
-õĤ?Śɐ?-õĤ- 9+.ˉó-ťɕw[|^G'ťɕ
ŢĎ˃ƴʐȅ6'Éǟ@ˉó-ťɕŢĎ-LkVJP`ɉɱCōŪ?
Śɐ?- 9ˉÎƜʐȅ'.*ˉ˃ƴʐȅ6'Éǟ@ ťɕŢĎ
Cǡ	 ƒʡĺ-Éǟ+č%	&ƒʡʷńÏƆCŚɐ? 
 !ˉƠǼȇ'.ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ+Į&-7ÏƆĮɱ
-ʒ	+$	&ƫɜ - 9ˉɞ-ȰĬˉʏÝÖ´ñ;ʓřŞSi
(	# ȶÝǫɼªʏÝǘƛ-´ñʢ?(Ȱ=@?ɼªʏÝ–ťɕ
ʡ-ƒʡʢ³-Ǹɕ+ʦĤǫ*:-*-ˉ@(:ȶÝǫɼªʏÝǘƛ-´
ñʢ*	ǨȆťɕʡ-ƒʡʢ³-Ǹɕ+:Ⱦß'?-.ƞɘƏ'
?Ŕ#&ˉƠǼȇ'ɇ# <
*ÏƆĮɱ-ʒ	+$	&-ƫɜCˉǨȆ
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ťɕʡ-ƒʡÇɿƵ':ɇ
Śɐ? 
 
°ĐĕÛü°ĐpąÀÞĊàm³¤ 
 
ƠǼȇ'.ˉɖĬȱ-ȶÝŞC¥B*	ǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇ
ɿƵ(ɖĬȱ-ȶÝŞC¥
ɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ(
-ʡ'ˉčǾ+?ʐȅǨ*?-ˉ?	.«=-ʐȅÃƛ@&	
?-Cƫɜ ńɫ+	&ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵȥ
Ⱥ?	.Ȉʡ¨ȭǘǨŞCŶ$( Heron et al. (2012) +<#&Ďû@&
	?(CȜ @+Į&ˉƠǼȇ-Ħ˂ 1'.ˉɼªʏÝ–ɔɕʡ
-ƒʡʷńǸɕ-ƒʡÇɿƵȥȺ¨ȭǘǨŞCŶ *	(ɒÊ@ 
@=-ȠƦ=ˉɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ+.ťɕŢĎÉǟ-
ÎƜʐȅˉɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ+.ťɕŢĎÉǟ
-˃ƴʐȅ@@ī&	?îȶŞǿÿ@  
*=ˉƠǼȇ-Ħ˂ 4-ȠƦ=ǿÿ@ ǨȆťɕʡ-ƒʡʷń
Ǹɕ-ƒʡÇɿƵ-čǾɩȅ.ˉHeron et al. (2012) -ȠƦ=ǿÿ@ :-
(.Ǩ*# *B"ˉĦ˂ 4-ȠƦ=ˉɖĬȱ-ȶÝŞC¥
ɼªʏÝ
–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ!'*ˉɖĬȱ-ȶÝŞC¥B*	
ǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ+	&:ˉťɕŢĎÉǟ-˃ƴʐȅ
ī&	?îȶŞǿÿ@  
Heron et al. (2012) (Ħ˂ 1(-ʡ'ɒÊ@ ȥȺ¨ȭǘǨŞ(	
Ǔ+
?ȠƦ-ʒ	.ˉɖĬȱ-ȶÝŞ-ƛǔ+ś ƒʡʷńǸɕ-ƒʡÇɿƵ
-čǾɩȅ-ʒ	CêƑ :-'.*ˉÐ-ɐą+<#&Ǡ îȶŞ
Ȱ=@?*B"ˉHeron et al. (2012) (Ħ˂ 1(-ʡ+.ˉɖĬȱ-ȶÝ
Ş-ƛǔ(	
ʒ	(.Ð+ˉĦ˂ŭȣ+	&ĖǨ*?ǓġĈ
?Äªǫ+.ˉHeron et al. (2012) '.ˉʷśƜʡ+ˉɔɕÔǒ-¿ɇ?
ɔȳɕÔǒ(ȳɕÔǒ-¿ɇ?ɔȳɕÔǒĹ¨ȭ6 .ð¨ȭ++Ž
ǿ@ Ŕ#&ˉŐ=-Ħ˂.ˉɔȳɕÔǒ-Žǿ¨ȭ (Ĺ¨ȭð¨ȭ) 
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(ɔȳɕÔǒ+İÁ@ ƒʡĺ (ɔɕ¿ɇȳɕ¿ɇ) (-ʡ-Įśʢ³
ʷśƜʡ+Əǽß@?<
*ŭȣ'# ƇˉƠǼȇ-Ħ˂ 1'
.ˉʷśƜʡ+ˉɔɕÔǒ-ɔʛ¨ȭ (Ĺɔʛðɔʛ) (ʷś?ɼª
ʏÝ–ɔɕʡ-ƒʡĺ (õƒɔɕÔǒʎŇ) @@)"=Ƈ+ćĤ
@&	 Ŕ#&ˉŐ=-Ħ˂.ˉɔɕÔǒ-ɔʛ¨ȭ(ɼªʏÝ–ɔɕʡ
-ƒʡĺ(-ʡ-Įśʢ³ʷśƜʡ+Əǽß@*	<
*ŭȣ'#
  
ǘĤ-ÔǒǘŘ(ǘĤ-ƒʡĺ(-ʡ+Įśʢ³ġĈ ǙŦ'ˉɏƃ-
ƒʡĺ+êŗ&ƕʯ@ ďôˉÔǒǘŘ(ʷśƒ-ƒʡĺ(Įś?ō
'ƒʡÇɿƵǠ?(ˉȈʡ¨ȭĔ-ÔǒǘŘ+	&:Ɗ+Ďû
@&	? (Roseboom & Arnold, 2011; Roseboom, Kawabe, & Nishida, 2013)¯
/ˉRoseboom et al. (2013) -Ħ˂ 1'.ˉǤŞ(ĚŞ@@-ǩɣ-ɔȳɕ
ÔǒCǡ	 ƒʡÇɿƵĦ˂ɇB@ ʷśƜʡˉǤŞ-ďô(ĚŞ-ď
ô('ǩɣɔȳɕÔǒʡ+@@Ǩ*?ƒʡĺİÁ@ ʷśŒˉǤŞ
?	.ĚŞ)"=Ƈ-ǩɣɔȳɕÔǒCǡ	 õƒŞÏƆɇB@ 
-ȠƦˉõƒŞÏƆƒ+ǤŞ-ÔǒCǡ	 ďô(ĚŞ-ÔǒCǡ	 ďô
(-ʡ'ˉǨ*?ɖǫõƒǓ-Uj`ɖĬ@ Äªǫ+.ˉʷśƜʡ
+ǤŞ?	.ĚŞ-Ôǒ+İÁ@ Ǩ*?ƒʡĺC@@ɍ¾?Ƈ
÷+ɖǫõƒǓUj` (ɒÊ@ -<
*¿ɇǼȇCȰŨ
?(ˉHeron et al. (2012) +	&Ďû@ ɔȳɕʡ-ƒʡʷńǸɕ-ƒʡ
ÇɿƵ+?ȥȺ?	.Ȉʡ¨ȭǘǨŞ.ˉȥȺ;Ȉʡ¨ȭ+ǘǨǫ*ɔ
ɕÉǟ-ʐȅ-ī-êƑ(	
<>:ˉ8AˉǘĤ-ÔǒǘŘ2-ʋô(
	
ƒʡÇɿƵ-ǘŞCêƑ :-'?îȶŞȰ=@? 
ɖĬȱ-ȶÝŞC¥B*	ǨȆťɕʡ-ƒʡʷńǸɕ.ˉõƒŞǸɕ+ƻ3
&ˉťɕw[|^G-Ȟ7ôBǨ*#&:ȕŅēß*	 (Hirsh & 
Sherrick, 1961)6 ˉƒʡʷńǸɕ.ˉǃŤ+<?fHFW-ŎʴCì;
	 (Frey, 1990; Schneider & Bavelier, 2003)@=-¿ɇǼȇ=ˉƒʡʷńǸ
ɕ.ˉʕűǫ+ȡôÉǟ?<
*˃ƴʐȅ+	&ˉťɕw[|^GȐ-<
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*Ôǒ-ǘŞ+±ġ*	Ãʉ-ƒʡĺÉǟʐȅ+<#&ĦǞ@&	?:
-(Ȱ=@?@=-ƒʡʷńǸɕ+ʢ?Ǽȇ=-ǿÿCȰŨ?
(ˉƒʡʷńǸɕ-ƒʡÇɿƵ+	&:ˉÔǒ-ťɕw[|^G;ɖĬȱ-
ȶÝŞ-ƛǔ(	# Ôǒ-ǘŞ+±ġ*	Ãʉ-ƒʡĺÉǟʐȅ-ī+
<#&ƒʡÇɿƵĦǞ@&	?îȶŞȰ=@? 
Rohde and Ernst (2012) +	&:ˉɖĬȱ-ȶÝŞ-ƛǔ+±ġ*	ʐȅ
-ī+<#&ƒʡʷńǸɕ-ƒʡÇɿƵĦǞ@&	?(Cǿÿ?Ƞ
Ʀŕ=@&	?Ő=.ˉťɕjGaf]Pľ+ɼªʏÝ<>:Ǘǟǫ
+Œ+Ǡ?(+ǵǮˉɼªʏÝ<>:Ö+ɔɕÔǒŽǿ@?ǙŦ+
ʷś ďô(ɼªʏÝ<>:Œ+ɔɕÔǒŽǿ@?ǙŦ+ʷś ďô
'ˉƒʡÇɿƵ-Ǡ?ȅŅǨ*?-ƫɜ ɼªʏÝ–ťɕʡ-ƒʡ
ʷńǸɕ-ƒʡÇɿƵ+ȶÝǫ*ɼªʏÝǘƛ-Éǟī&	?*=/ˉ
Ƌľǫ+ɷ>ŕ*	ɼªʏÝ<>:Ö+ɔɕÔǒŽǿ@?ǙŦ'.ƒʡ
ÇɿƵǠʮˉƋľǫ+ɷ>ŕ?ɼªʏÝ<>:Œ+ɔɕÔǒŽǿ
@?ǙŦ'.ƒʡÇɿƵǠ?(ǋ@ Ħ˂çÚȱ-ðŭ-ĺ
ŷ+ GeomagicȀ- PhantomCɌǵ&Ħ˂çÚȱ-qZŲ-ɽɹCɞʝ
?(+<#&ˉqZCŲZHtQCǋˉqZCŲÖ+ɔɕ
ÔǒCŽǿ?(Cîȶ+ Ħ˂-ȠƦˉʷśƒ+ɔɕÔǒɼªʏÝ
<>:Ö+Žǿ@ ďô(Œ+Žǿ@ ďô('ƒʡÇɿƵ-Ǡ?ȅŅ
+ʒ	.ɒ=@*# *B"ˉɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-ƒʡ
ÇɿƵ+ȶÝǫ*ɼªʏÝǘƛ-Éǟī&	?îȶŞCĦɠ?(
'*# 8Aˉ-ȠƦ.ˉǨȆťɕʡ'Ǡ?ƒʡÇɿƵ'ī
&	?:-(Ãʉ ʐȅɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ+
ī&	?îȶŞCǿÿ&	? 
§ˉƠǼȇ-Ħ˂ 4'ŕ=@ ɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ˉ
Ħ˂ 2'ŕ=@ ɼªʏÝ–ɔɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ(ƻɿ?
(ˉ6>ʸ¹'.*	¯/ˉĦ˂ 2A- single-step lagƢ¡'.ˉƒʡĺ
ʷśƹʨ-Ȏ 1k]P''+ƒʡÇɿƵƛŤ+Ǡ&>ˉ--k
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]P+	&:ɳ&ƒʡÇɿƵƛŤ+Ǡ&	?6 ˉčǍƹʨ-
ɖǫõƒǓ 35.0 msˉƒʡĺʷśƹʨ-ŀĊǫ*ɖǫõƒǓ 134.2 ms
'ˉÂªǫ+Ș 100 ms:-ɖǫõƒǓ-Uj`ɒ=@&	?@+Į
&ˉĦ˂ 4- single-step lagƢ¡'.ˉƒʡĺʷśƹʨ-Ȏ 1k]P-ƒǓ
'.ƛŤ*ƒʡÇɿƵǠ&=ˉ--k]P+	&:ƛŤ*ƒ
ʡÇɿƵǠ -.Ȏ 4k]P-7'# 6 ˉčǍƹʨ-ɖǫõ
ƒǓ-11.3 msˉƒʡĺʷśƹʨ-ŀĊǫ*ɖǫõƒǓ 30.8 ms'ˉÂªǫ
+Ș 40 msȅŅ-ɖǫõƒǓ-Uj`ɒ=@&	*	Ŕ#&ˉĦ˂ 4
- multiple-step lagƢ¡-ƒʡĺʷśȎ 5k]P'ƛŤ*ƒʡÇɿƵɒ=@
*# -.ˉʷśƜʡ-ƒʡĺ+Ƽ*#  9'.*ˉå+ƛŤ
*ƒʡÇɿƵǠ?-+.ʷśƜʡâË!#  9'?îȶŞ:Ȱ
=@? 
ɐȘ?(ˉHeron et al. (2012) -Ħ˂(ƠǼȇ-Ħ˂ 4!'.ˉɔȳɕʡ
-ƒʡʷńǸɕ-ƒʡÇɿƵťɕŢĎÉǟ-)-<
*ʐȅ+č%	&Ǡ
&	?-CȠɫ?+.âË'?- 9ˉŒ-Ǽȇ'.ˉƠǼ
ȇ-Ħ˂ 1(õư-ŭȣCǡ	&ɔȳɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵȈ
ʡ¨ȭǘǨŞCŶ$-ƫɜ? 9ˉ?	.ɔȳɕʡ-ƒʡʷńǸɕ-ƒ
ʡÇɿƵ<>ʸ¹+ŕ=@?<
*ŭȣ'ƒʡĺ+Į?Ƽ2-±ġ
Ş+$	&ƫɜ? 9+Ħ˂Cɇ
Śɐ? 
 
[¡´ 
 
ƠǼȇ'.ˉʷśƜʡ-ƒʡĺ+Į?ƼɼªʏÝ–ťɕʡ-ƒʡ
ÇɿƵ+è5Ŏʴ.ˉƒʡʢ³-ÏƆĮɱ+ś&Ǩ*?(ǿ@ 
@=-ȠƦ.ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ+ʢ?ʋ-Ǽȇ!'*
ˉɼªʏÝ–ťɕʡ-Ȉʡǫ*ȼ+Į?ʷś'?l|Xuʷś+ʢ
?Ǽȇ+Į&:ǻCŰ?(+*?:-(Ȱ=@?*B"ˉ
Michel et al. (2007) .ˉl|XuʷśɼªʏÝ–ťɕʡ-Ȉʡǫ*ȼ+Ƽ
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%	&	*	ʪ+:Ǡ?(CɒÊˉǔŤɮ'ɼªʏÝ–ťɕʡ-Ȉʡ
ʢ³CÉǟ?ʐȅl|Xuʷś+ī&	?(Ƞɫ%  
*=ˉƠǼȇ+	&ˉƒʡʢ³-ÏƆĮɱ+ś&ƒʡĺ+Į
?Ƽ-ŎʴǨ*# -(õư+ˉl|Xuʷś+	&:ʷśÜƦ-ǋ
ĤƇǁ-ʒ	+ś&Ȉʡǫȼ+Į?Ƽ-Ŏʴ:Ǩ*?îȶŞȰ
=@?@6'-l|Xuʷś-Ǽȇ'.ˉȾǫ+ˉǮƱ(*?ɔɕÔ
ǒCǮŷ& reachingCɇ# ʪ-ɔɕÔǒ(ŷ-ÒʑǓ(-ʡ-@Cgj
KsW(&ɞʝ?('ʷś-ÜƦCɖĬ?:-ĕ# -
<
* reaching-gjKsW.ˉɼªʏÝ–ɔɕʡ-ȈʡǫȼCǸɕ
ǫ+ÇɿƵ?((ˉɼªÓŖCɪƄ?(-Ƈ+<#&ēßŕ? 
(Redding, Rossetti, & Wallace, 2005)Ǹɕǫ*ÇɿƵ(ɼªÓŖ-ɪƄ-)"=
ˉ?	.Ƈʷśƒ-Ȉʡǫȼ+Į?Ƽ+±ġ&	?-
ƫɜ? 9+ˉƠǼȇ'ǡ	 ƒʡʢ³-ÏƆ (õƒŞ?	.ƒʡʷń) 
(õư+ˉȈʡʢ³-ÏƆCɇB?<
*Ħ˂CĦƈ?Śɐ?:
ƒʡʢ³-Ǹɕ(Ȉʡʢ³-Ǹɕõư-vMcXu'ĦǞ@&	?(@
/ˉɖĬȱ-ɼªʏÝ(Žǿ@?Ôǒ(-ʡ-¨ȭʢ³Cȑ?ďô+
.ˉƒʡʷńÏƆ(õưˉȈʡǫȼ+Į?ƼŚɐ(*?(
ǋ@? 
ʅ l|Xuʷś+Į?Œ-ƫɜ.ˉɼªʏÝ-gjKsWC
Ǹɕǫ*ÇɿƵ(ɼªÓŖ-ɪƄ'Ì>Ë?(	
Ƈǧ'ɪ3?(	
ɛǥ
'# @(.ʇ-Ƈǧ'ˉʷśƜʡ-ƒʡĺ+Į?Ƽɼªʏ
Ý–ťɕʡ-ƒʡÇɿƵ+è5Ŏʴ-=*?ƫɜCɇ
(:îȶ'
?*B"ˉɼªʏÝ–ťɕʡ-ƒʡĺ+Į?ʷśˉƒʡʢ³-ÏƆ!
'*ˉɼªʏÝ-gjKsW+6')-<
+ŎʴCè5&	?
Cƫɜ?Śɐ?ĦʪˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ+	&ɼªʏ
Ý-gjKsWCǋĤ ¿ɇǼȇ'+	$ġĈ? (Sugano, 
Keetels, & Vroomen, 2012, 2014, 2015)Ő=-Ǽȇ'.ˉõƜZ]iQɩʼC
ǡ	&ɼªʏÝ-ƒʡǫ*ƵǽCǋĤ&	?õƜZ]iQɩʼ(.ˉ
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Ȑʡʩ'Žǿ@?Ôǒ(õƜ?<
+Z]iQ?(Cƾ9?ɩʼ'
?ʷśƜʡ-ƒʡĺ+Į?Ƽ-ƛǔˉʷśŒ-^W`(&ɇ
B@?õƜZ]iQ-ƒʡǫ*Ƶǽ+)-<
*ŎʴCè5-ƫɜ
?('ˉɼªʏÝ-Ħɇ)-<
*ŢĎCÑǡ&	&ˉ)-<
*ʐȅ
+č%	&ĦǞ@&	?-CɘƏ?('?:-(Ɯő@? 
ƠǼȇ'.ˉƒʡʷńǸɕ-ƒʡÇɿƵťɕw[|^G;ȶÝŞ-ƛǔ+
±ġ*	Ãʉ-ʐȅ+č%	&Ǡ&	?(ǿÿ@ ˉ-
<
*ʐȅ-ÃʉŞˉƒʡʷńǸɕ!'*õƒŞǸɕ-ďô+	&:
ɒ=@?-.6!ƫɜ'&	*	ʅ-ȦôȰĬ+	&ˉɼªʏÝ<
>:Ö+ɔɕÔǒŽǿ@?ǙŦ+ʷś&:ˉɼªʏÝ–ťɕʡ-ƒʡʷ
ńǸɕ-ƒʡÇɿƵǠ?(CȜ  (Rohde & Ernst, 2012)Ƈˉõ
ư-ǼȇQ}lˉƒʡʷńÏƆ'.*ƒʡĺ-sQc\yaÏƆ (ɼ
ªʏÝˉ?	.Ôǒ)-ȅŅƍŽǿ@ Cɔɕǫ*ĳŅ+č%	&
Ąȑ?Ƈǁ) Cǡ	&õư-Ǯǫ-Ħ˂Cɇ# (AˉɔɕÔǒɼªʏ
Ý<>:Ö+Žǿ@ ǙŦ+ʷś ďôˉŒ+Žǿ@ ǙŦ+ʷś 
ďô<>:ƒʡÇɿƵǠʮ*#  (Rohde, Greiner, & Ernst, 2014)-
ȠƦ.ˉƒʡʷńÏƆ'.*	ĄȑƇǁ'.ȶÝǫ*ɼªʏÝǘƛ-Éǟƒ
ʡÇɿƵ+ī&	?îȶŞCǿÿ?:-'?Ŕ#&ˉõƒŞǸɕ-
ƒʡÇɿƵťɕw[|^G;ȶÝŞ-ƛǔ+±ġ*	Ãʉ-ʐȅ+č%	
&Ǡ&	?-ˉ@(:ťɕw[|^G;ȶÝŞ-ƛǔ+ś Ǩ*?ʐ
ȅ+č%	&Ǡ&	?-ƫɜ?Śɐ?ƠǼȇ'.ˉɼªʏÝ–ť
ɕʡ-õƒŞǸɕ-ƒʡÇɿƵʷśƜʡ-ƒʡĺ+Į?Ƽ(.ǚȊ
&Ǡ?(Ə=+*# ˉǨȆťɕʡ-õƒŞǸɕ-ƒʡÇɿƵ:
õư+ʷśƜʡ-ƒʡĺ+Į?Ƽ(ǚȊ&Ǡ?-.ƞƫɜ'
?6 ˉɼªʏÝ–ɔɕʡ;ɔȳɕʡ-õƒŞǸɕ-ƒʡÇɿƵȥȺ¨ȭ
ǘǨŞCŶ$-:ƫɜ@&	*	ƠǼȇ'ɇ# Ħ˂Ƈǁ+č%	&
@=CƫɜˉɼªʏÝ–ťɕʡ?	.ǨȆťɕʡ-õƒŞǸɕ-ƒʡÇɿ
Ƶ-@@-ǘŞCƏ=+?('ˉÏƆĮɱ;ȶÝŞ-ƛǔ-ʒ	C
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ȰŨ+Á@ ƒʡÇɿƵ-vMcXu-Ȧôǫ*ɘƏCʌ9?('?:
-(Ȱ=@?  
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ƠǼȇ-Ǯǫ.ˉƒʡʢ³-ÏƆĮɱ (ƒʡʷńõƒŞ) ;ȁȟ´ñ-
ȶÝŞ (ɼªʏÝ–ťɕʡǨȆťɕʡ) Ǩ*?@@-ƒʡÇɿƵˉ
ťɕŢĎÉǟ-)-<
*ʐȅ+č%	&Ǡ&	?-CƏ=+?(
'# ƫɜŭƹ(&ˉƒʡÇɿƵȥȺ¨ȭǘǨŞˉ6 ƒʡĺ+Į
?Ƽ2-±ġŞCŶ$-ƫɜ  
Ħ˂-ȠƦˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ+	&.ˉƒʡʢ³-ÏƆĮ
ɱ-ʒ	+ś&čǾ+?ʐȅǨ*#&	 *B"ˉɼªʏÝ–ťɕ
ʡ-ƒʡʷńǸɕ+	&.ˉʷśÔǒ-Žǿ@ ȥȺ¨ȭ+ʱǘǨǫ+ƒ
ʡÇɿƵǠˉ6 ʷśƜʡ-ƒʡĺ+Į?Ƽ+±ġ&ƒʡÇɿ
ƵǠ ƇˉɼªʏÝ–ťɕʡ-õƒŞǸɕ+	&.ˉʷśƜʡ-
ƒʡĺ+Į?Ƽ(.ǚȊ&ƒʡÇɿƵǠ @=-ȠƦ=ˉ
ɼªʏÝ–ťɕʡ-ƒʡÇɿƵ+	&.ˉõƒŞǸɕ-ďô.åș*Ôǒĵ
ŞCȻÝǫÍǫ+Éǟ?ÎƜʐȅ'ɇB@?ƒʡĺ-Éǟ+č%	&ˉ
ƒʡʷńǸɕ-ďô.åș*ÔǒĵŞCȡô?('ɏʬ*ǘŘCÉǟˉ
ƙȝǫ+LkVJP`ɉɱCōŪ?˃ƴʐȅ'ɇB@?ƒʡĺ-Éǟ+č%
	&ˉ@@ƒʡÇɿƵǠ&	?(ǿÿ@  
ǨȆťɕʡ-ƒʡÇɿƵ+	&.ˉƒʡʷńǸɕCĮɱ( ďô+.ˉ
ʷśƜʡ-ƒʡĺ+Į?Ƽ+±ġ&ƒʡÇɿƵǠ&	?¼÷
ɒ=@ -ȠƦ=ˉǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ.ˉɼªʏ
Ý–ťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ(õư+ˉťɕŢĎÉǟ-˃ƴʐȅ'
ɇB@?ƒʡĺ-Éǟ+č%	&ɇB@&	?îȶŞǿÿ@  !ˉ
ƒʡĺ+Į?Ƽ+±ġ&ǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵǠ
&	?(Əǽ+Ƞɫ%=@?ȠƦŕ=@&	*#  9ˉ=*?ƫ
ɜŚɐ(@? 
=+ˉõƒŞǸɕ(ƒʡʷńǸɕ(-ʡ'ɼªʏÝ–ťɕʡ-ƒʡÇɿƵ
-čǾ+?ʐȅǨ*?(	
ƠǼȇ-ȠƦ=ˉ2$-ƒʡʢ³-Ǹɕ-
čǾ+?ʐȅ)-<
*ʢ³+?-ɒÊ@ *B"ˉõƒŞ
ǸɕǠ ŒˉõƒŞǸɕ+č%	&ƒʡʷńǸɕǠ?-'.*ˉƒ
 79 
ʡʷńǸɕ(õƒŞǸɕǨ*?ʐȅ+č%	&@@ǚȊ&ĦǞ@&
	?:-(Ȱ=@? 
  
 80 
 
 
 
 
 
 
 
 
 
 
 
 
ʝ 
 
 
 81 
«)(°ĐpąÀJ=N 
 
@6'-¿ɇǼȇ+	&ˉǨȆťɕʡ?	.ɼªʏÝ–ťɕʡ-ƒʡ
ÇɿƵ@@)-<
*vMcXu'Ǡ&	?-+$	&	$-
w_}ŽĀ@ˉĕ-ɫƅ'ɰɫ@&  
@6'+ŽĀ@ w_}-'ˉƒʡÇɿƵCˉƒʡĺÉǟ-ƙ:ÎƜ
ǫ*ƹʨ+?ēß'ɨƏ?(Cɢ7&	?-ˉDi Luca, Machulla, 
and Ernst (2009) ; Navarra, Hartcher-O'Brien, Piazza, and Spence (2009) -w_}
'?Di Luca et al. (2009) ; Navarra et al. (2009) -w_}.ˉǨȆťɕʡ
?	.ɼªʏÝ–ťɕʡ-ƒʡĺ+Ǹɕȗʷś?('ˉʷśƒ-Ôǒ-
ťɕw[|^G-Ǒƒǹ*?ˉ?	.¦1?(+<#&ƒʡÇɿƵ
Ǡ?(CţĤ w_}'? (Figure 15)-w_}.ˉ+ˉǨȆť
Figure 15.  Di Luca et al. (2009) $ Navarra et al. (2009) J=Nd ûü

Ĉ)«ß)(Ï§ĕ£ěðüÉ°
Ĉ)(ě(ûü
É°
Ĉ)(ě(W®%pąÀ
Ó(  
 82 
ɕʡ-ƒʡÇɿƵCɪ3?+ #&ˉåșêśƒʡCʷś-^W`(&ǡ
	 Ħ˂+<#&ƫɠ@& *B"ˉʷśƜʡ+?ǨȆťɕʡ
-ƒʡĺ-İÁ+<#&ˉťɕw[|^G-@@-Ǒƒǹ*?ˉ?
	.¦1?('ƒʡÇɿƵǠ&	?-'@/ˉ-ťɕw[|^G-
Ôǒ-åșêśƒʡ:ǹ*?ˉ?	.ʟ*?.ˉ(	
 ɨ-:(ƫ
ɠĦ˂ɇB@& ¯/ˉNavarra et al. (2009) '.ˉ_GWl~H+Ž
ǿ@ ɔɕÔǒ(WiM=Žǿ@ ȳɕÔǒ(-ʡ-ƒʡĺ (-224 
ms?	. 84 ms, Ƶ-·.ɔɕÔǒȳɕÔǒ<>:Œ+Žǿ@ (C
ǿ) +ʷś Œˉɔɕ?	.ȳɕÔǒ-åșêśƒʡCǋĤ Ħ˂
-ȠƦˉȳɕÔǒ+	&-7ˉʷśƒ-ƒʡĺ+ś&åșêśƒʡǹ
ˉ?	.ʟ*# Äªǫ+.ˉ-224 ms-ƒʡĺ+ʷś ďôˉȳ
ɕÔǒ-Ǒƒ 20 msǹ*>ˉ84 ms-ƒʡĺ+ʷś ďôˉȳɕÔǒ-
Ǒƒ 21ms¦1 Di Luca et al. (2009) :ˉNavarra et al. (2009) (õư+ˉɔ
ɕÔǒ(ȳɕÔǒ(-ʡ-ƒʡĺ (±150 ms) +ʷś Œ+ɔɕÔǒ?	.
ȳɕÔǒ-åșêśƒʡCǋĤ -ȠƦˉWiM=ȳɕÔǒŽ
ǿ@ ďô.ˉɔɕÔǒ-åșêśƒʡ 6.4 msƍ*# (CɒÊ
 Ƈˉm]ajK=ȳɕÔǒŽǿ@ ďô.ˉȳɕÔǒ-åșê
śƒʡ 13.3 msƍ*# (CɒÊ @= 2$-¿ɇǼȇ.ˉēß
?ťɕw[|^GĦ˂ʡ;Ƣ¡ʡ'Ǩ*?:--ˉǨȆťɕʡ-ƒʡĺ+
ʷś?(+<#&ʷśÔǒ-Žǿ@ ťɕw[|^G-åșêśƒʡ
ƒʡĺCɍ¾?Ƈ÷+ēß?(	
ȠƦCǿ&	?-'ˉ(:
+ˉǨȆťɕʡƒʡÇɿƵ+.Ǒƒ-ēßī&	?(Ƞɫ&	?
ǨȆťɕʡ!'*ˉɼªʏÝ–ťɕʡ-ƒʡÇɿƵ-Ǽȇ+	&:ˉDi 
Luca et al. (2009) ; Navarra et al. (2009) -w_}CƀŶ?ȠƦŕ=@&	
? (Sugano et al., 2012, 2014, 2015) 
Di Luca et al. (2009) ; Navarra et al. (2009) -w_}(.Ð-w_}(&ˉ
Roach, Heron, Whitaker, and McGraw (2011) ŽĀ w_}.ˉǘĤ-Ôǒĵ
Ş-ǘĤ-ǙŦ+-7śȑ?cyȮư*ǙŦ+$	&ġĈˉÁ
 83 
Ù@ ȁȟ´ñ+Į&@=-cyȮÍǫ+śȑ?('
-ÔǒĵŞ-ȍñßɇB@?(C Ĥ?ȁȟw_}'?Roach et al. 
(2011) .ˉǨȆťɕʡ-ƒʡĺǘĤ-ƒʡĺ+-7śȑ?cyȮ+
ȍñß@&	?( Ĥˉʷśƒ-ƒʡĺ+ƙ:śȑ?cyȮ-ś
ȑʜʷś+<#&ǊɊ? 9+ƒʡÇɿƵǠ?(Ŋ  (Figure 
16)Ő=.=+ˉĦʪ+ŕ=@ Ħ˂ȠƦ Di Luca et al. (2009) ; Navarra 
et al. (2009) -w_}'.ɨƏ'*	(ˉȻË "-w_}+č%	 Ut
y~Uz+<#&ŕ=@ ǋˉĦʪ+Ħ˂'ŕ=@ ȠƦ+ʔô&
	?(Cǿˉw_}-ěŌŞCĦɠ Ő=-w_}.ɼªʏÝ–ťɕ
ʡ-ƒʡÇɿƵ'.Ħɠ@&	*	*=ˉɔȳɕʡ-ƒʡĺCƫ
Ê?cy!'*ˉªŞťɕ–ɔɕʡ;ªŞťɕ–ȳɕʡ-ƒʡĺC
ƫÊcy:Ǜ+	&ǩɒ@&	? (Meredith et al., 1987)Ŕ#&ˉ
ɼªʏÝ–ťɕʡ-ƒʡÇɿƵ+	&:Ő=-w_}'ɨƏ'?îȶŞ
Ȱ=@? 
Roach et al. (2011) -w_}<>:=+˃ƴ-ǸɕǫÏƆ-ƿĤƹʨ+
?ēß'-ɨƏCɢ7&	?-ˉCai, Stetson, and Eagleman (2012) -ŽĀ
Figure 16.  Roach et al. (2011) J=N»ø (Roach et al., 2011, 
Figure3a, b+|íc¨) ¾Ą
ûðüuÊĐÍÒÖ°Đ+ěêĄ

@KSOQì£ä+ô 0.6đ¬@KSOQì£ä
s+ô °Đ(ĕ£%ěĕ£°°Đ£ä(@K
SOQì£äď
Çõ(  
 84 
 w_}'?Ő=.ˉɼªʏÝ–ťɕʡ-ƒʡʷńǸɕ'Ǡ?ƒʡÇɿ
Ƶ+$	&ˉ-<
*ǆ@'ÇɿƵǠ&	?(Ŋ 6ˉ©ƴ
-ƒʡĺƫÊcyȮ+<#&ÊÙ@ ƒʡĺŢĎ.ˉ˃ƴ-ǰê?
2$-cyȮ (	Ö?	.	Œ(	
Ȍôǫ*cyȮ) +
pool@ˉ-ǰêcyȮ-ɵǅʜ-ʒ	+č%	&ƒʡʷńǸɕǠ
? (Figure 17)-ƒˉƒʡĺ+Į?ʷś+<#&©ƴ-ƒʡĺƫÊcy
Figure 17.  rivaling@KSOQì»ø (Cai et al., 2012, Figure2B+|í
c¨) UČ
ĕ£věVČ
ĕ£¡+ô( 0.6đ¬a¿°Đ
ºr@KSOQì+ô þ ę¿ rivaling@KSOQì+ô Ú{
 rivaling@KSOQì kwč!\+ô  
 85 
Ȯ=-ÊÙ+Ŷȣǫ+¸>Ǡ?(ˉ˃ƴ-ǰêcyȮ+´
ñÁÙ@?ʪ-ʚ7UblW-îĐƳȶ+<#&ɪƄ@ˉȠƦǫ
+ɖǫõƒǓ-ēßCŉɷŐ=.ˉǰêcyȮ-ʢ&	
?ʷśǞɱ'?ʏÝƸÜ(õư-ǘŞɼªʏÝ–ɔɕʡ-ƒʡÇɿƵ+
	&:ɒ=@?(CĦ˂ǫ+ǿˉȻË "ŽĀ w_}-ěŌŞC
Ŋ&	?Ő=.ˉǨȆťɕʡ-ƒʡʷńǸɕ-ƒʡÇɿƵ'.w_}-ě
ŌŞCƫɜ&	*	*=ˉŐ=-w_}(.țʘǨ*?:-
-ˉ	$-¿ɇǼȇ.˃ƴ-ǸɕǫÏƆ-ƿĤƹʨ-ēßǨȆťɕʡ-
ƒʡʷńǸɕ-ƒʡÇɿƵ+ī&	?(Ƞɫ%&	? (Machulla, Di 
Luca, Froehlich, & Ernst, 2012; Yarrow, Jahn, Durant, & Arnold, 2011) 
  
 86 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ŉǡƅǜ 
 
  
 87 
Amano, K., Wandell, B. A., & Dumoulin, S. O. (2009). Visual field maps, population 
receptive field sizes, and visual field coverage in the human MT+ complex. J 
Neurophysiol, 102(5), 2704-2718. doi:10.1152/jn.00102.2009 
Blake, R. (2001). A primer on binocular rivalry, including current controversies. Brain 
and mind, 2(1), 5-38.  
Brainard, D. H. (1997). The psychophysics toolbox. Spatial vision, 10, 433-436.  
Cai, M., Stetson, C., & Eagleman, D. M. (2012). A neural model for temporal order 
judgments and their active recalibration: a common mechanism for space and 
time? Front Psychol, 3, 470. doi:10.3389/fpsyg.2012.00470 
Corveleyn, X., Lopez-Moliner, J., & Coello, Y. (2012). Motor action reduces temporal 
asynchrony between perceived visual changes. J Vis, 12(11), 20. 
doi:10.1167/12.11.20 
Cunningham, D. W., Billock, V. A., & Tsou, B. H. (2001). Sensorimotor adaptation to 
violations of temporal contiguity. Psychol Sci, 12(6), 532-535.  
Dehaene, S., & Changeux, J.-P. (2011). Experimental and theoretical approaches to 
conscious processing. Neuron, 70(2), 200-227.  
Dehaene, S., Changeux, J. P., Naccache, L., Sackur, J., & Sergent, C. (2006). Conscious, 
preconscious, and subliminal processing: a testable taxonomy. Trends Cogn Sci, 
10(5), 204-211. doi:10.1016/j.tics.2006.03.007 
Di Luca, M., Machulla, T. K., & Ernst, M. O. (2009). Recalibration of multisensory 
simultaneity: cross-modal transfer coincides with a change in perceptual latency. 
J Vis, 9(12), 7 1-16. doi:10.1167/9.12.7 
Duhamel, J.-R., Bremmer, F., BenHamed, S., & Graf, W. (1997). Spatial invariance of 
visual receptive fields in parietal cortex neurons. Nature, 389(6653), 845-848.  
Finney, D. J. (1971). Probit Analysis: 3d Ed: Cambridge University Press. 
Frey, R. D. (1990). Selective attention, event perception and the criterion of 
acceptability principle: Evidence supporting and rejecting the doctrine of prior 
entry. Hum Mov Sci, 9(3-5), 481-530.  
Fujisaki, W., Koene, A., Arnold, D., Johnston, A., & Nishida, S. (2006). Visual search 
for a target changing in synchrony with an auditory signal. Proc Biol Sci, 
273(1588), 865-874. doi:10.1098/rspb.2005.3327 
Fujisaki, W., & Nishida, S. (2009). Audio-tactile superiority over visuo-tactile and 
audio-visual combinations in the temporal resolution of synchrony perception. 
 88 
Exp Brain Res, 198(2-3), 245-259. doi:10.1007/s00221-009-1870-x 
Fujisaki, W., Shimojo, S., Kashino, M., & Nishida, S. (2004). Recalibration of 
audiovisual simultaneity. Nat Neurosci, 7(7), 773-778. doi:10.1038/nn1268 
Haggard, P., Newman, C., & Magno, E. (1999). On the perceived time of voluntary 
actions. British Journal of Psychology, 90(2), 291-303.  
Hanson, J. V., Heron, J., & Whitaker, D. (2008). Recalibration of perceived time across 
sensory modalities. Exp Brain Res, 185(2), 347-352. doi:10.1007/s00221-008-
1282-3 
Heron, J., Hanson, J. V., & Whitaker, D. (2009). Effect before cause: supramodal 
recalibration of sensorimotor timing. PLoS One, 4(11), e7681. 
doi:10.1371/journal.pone.0007681 
Heron, J., Roach, N. W., Hanson, J. V., McGraw, P. V., & Whitaker, D. (2012). 
Audiovisual time perception is spatially specific. Exp Brain Res, 218(3), 477-
485. doi:10.1007/s00221-012-3038-3 
Heron, J., Roach, N. W., Whitaker, D., & Hanson, J. V. (2010). Attention regulates the 
plasticity of multisensory timing. Eur J Neurosci, 31(10), 1755-1762. 
doi:10.1111/j.1460-9568.2010.07194.x 
Hirsh, I. J., & Sherrick, J., Carl E. (1961). Perceived order in different sense modalities. 
Journal of experimental psychology, 62(5), 423.  
Jaśkowski, P. (1991). Two-stage model for order discrimination. Perception & 
Psychophysics, 50(1), 76-82.  
Johnston, A., Arnold, D. H., & Nishida, S. (2006). Spatially localized distortions of 
event time. Current Biology, 16(5), 472-479.  
Kleiner, M., Brainard, D., Pelli, D., Ingling, A., Murray, R., & Broussard, C. (2007). 
What’s new in Psychtoolbox-3. Perception, 36(14), 1.  
Knapen, T., Rolfs, M., & Cavanagh, P. (2009). The reference frame of the motion 
aftereffect is retinotopic. J Vis, 9(5), 16-16.  
Knapen, T., Rolfs, M., Wexler, M., & Cavanagh, P. (2011). The reference frame of the 
tilt aftereffect. J Vis, 10(1), 8-8. doi:10.1167/10.1.8 
Kohfeld, D. L. (1971). Simple reaction time as a function of stimulus intensity in 
decibels of light and sound. Journal of experimental psychology, 88(2), 251.  
Leopold, D. A., O'Toole, A. J., Vetter, T., & Blanz, V. (2001). Prototype-referenced 
shape encoding revealed by high-level aftereffects. Nat Neurosci, 4(1), 89-94.  
 89 
Libet, B., Gleason, C. A., Wright, E. W., & Pearl, D. K. (1983). Time of conscious 
intention to act in relation to onset of cerebral activity (readiness-potential). 
Brain, 106(3), 623-642.  
Livingstone, M., & Hubel, D. (1988). Segregation of form, color, movement, and depth: 
anatomy, physiology, and perception.  
Macefield, G., Gandevia, S. C., & Burke, D. (1989). Conduction velocities of muscle 
and cutaneous afferents in the upper and lower limbs of human subjects. Brain, 
112(6), 1519-1532.  
Machulla, T. K., Di Luca, M., Froehlich, E., & Ernst, M. O. (2012). Multisensory 
simultaneity recalibration: storage of the aftereffect in the absence of 
counterevidence. Exp Brain Res, 217(1), 89-97. doi:10.1007/s00221-011-2976-5 
Mack, A., & Rock, I. (1998). Inattentional blindness: MIT press Cambridge, MA. 
Maruya, K., Watanabe, H., & Watanabe, M. (2008). Adaptation to invisible motion 
results in low-level but not high-level aftereffects. J Vis, 8(11), 7 1-11. 
doi:10.1167/8.11.7 
McKeefry, D. J., Laviers, E., & McGraw, P. V. (2006). The segregation and integration 
of colour in motion processing revealed by motion after-effects. Proceedings of 
the Royal Society of London B: Biological Sciences, 273(1582), 91-99.  
Melcher, D. (2005). Spatiotopic transfer of visual-form adaptation across saccadic eye 
movements. Curr Biol, 15(19), 1745-1748. doi:10.1016/j.cub.2005.08.044 
Meredith, M. A., Nemitz, J. W., & Stein, B. E. (1987). Determinants of multisensory 
integration in superior colliculus neurons. I. Temporal factors. The Journal of 
Neuroscience, 7(10), 3215-3229.  
Michel, C., Pisella, L., Prablanc, C., Rode, G., & Rossetti, Y. (2007). Enhancing 
visuomotor adaptation by reducing error signals: Single-step (aware) versus 
multiple-step (unaware) exposure to wedge prisms. Journal of Cognitive 
Neuroscience, 19(2), 341-350. doi:10.1162/jocn.2007.19.2.341 
Miyazaki, M., Kadota, H., Matsuzaki, K. S., Takeuchi, S., Sekiguchi, H., Aoyama, T., & 
Kochiyama, T. (2016). Dissociating the neural correlates of tactile temporal 
order and simultaneity judgements. Sci Rep, 6, 23323. doi:10.1038/srep23323 
Moradi, F., Koch, C., & Shimojo, S. (2005). Face Adaptation Depends on Seeing the 
Face. Neuron, 45(1), 169-175. doi:10.1016/j.neuron.2004.12.018 
Navarra, J., Hartcher-O'Brien, J., Piazza, E., & Spence, C. (2009). Adaptation to 
 90 
audiovisual asynchrony modulates the speeded detection of sound. Proc Natl 
Acad Sci U S A, 106(23), 9169-9173. doi:10.1073/pnas.0810486106 
Obhi, S. S. (2007). Evidence for feedback dependent conscious awareness of action. 
Brain Res, 1161, 88-94. doi:10.1016/j.brainres.2007.06.001 
Obhi, S. S., Planetta, P. J., & Scantlebury, J. (2009). On the signals underlying 
conscious awareness of action. Cognition, 110(1), 65-73. 
doi:10.1016/j.cognition.2008.10.009 
Pelli, D. G. (1997). The VideoToolbox software for visual psychophysics: Transforming 
numbers into movies. Spatial vision, 10(4), 437-442.  
Raymond, J. E., Shapiro, K. L., & Arnell, K. M. (1992). Temporary suppression of 
visual processing in an RSVP task: An attentional blink? Journal of 
Experimental Psychology: Human Perception and Performance, 18(3), 849.  
Redding, G. M., Rossetti, Y., & Wallace, B. (2005). Applications of prism adaptation: a 
tutorial in theory and method. Neuroscience & Biobehavioral Reviews, 29(3), 
431-444.  
Roach, N. W., Heron, J., Whitaker, D., & McGraw, P. V. (2011). Asynchrony adaptation 
reveals neural population code for audio-visual timing. Proc Biol Sci, 
278(1710), 1314-1322. doi:10.1098/rspb.2010.1737 
Rohde, M., & Ernst, M. O. (2012). To lead and to lag - forward and backward 
recalibration of perceived visuo-motor simultaneity. Front Psychol, 3, 599. 
doi:10.3389/fpsyg.2012.00599 
Rohde, M., Greiner, L., & Ernst, M. O. (2014). Asymmetries in visuomotor 
recalibration of time perception: does causal binding distort the window of 
integration? Acta Psychol (Amst), 147, 127-135. 
doi:10.1016/j.actpsy.2013.07.011 
Roseboom, W., & Arnold, D. H. (2011). Twice upon a time: multiple concurrent 
temporal recalibrations of audiovisual speech. Psychol Sci, 22(7), 872-877. 
doi:10.1177/0956797611413293 
Roseboom, W., Kawabe, T., & Nishida, S. (2013). Audio-Visual Temporal Recalibration 
Can be Constrained by Content Cues Regardless of Spatial Overlap. Front 
Psychol, 4, 189. doi:10.3389/fpsyg.2013.00189 
Schneider, K. A., & Bavelier, D. (2003). Components of visual prior entry. Cognitive 
Psychology, 47(4), 333-366. doi:10.1016/s0010-0285(03)00035-5 
 91 
Stelmach, L. B., & Herdman, C. M. (1991). Directed attention and perception of 
temporal order. Journal of Experimental Psychology: Human Perception and 
Performance, 17(2), 539.  
Stetson, C., Cui, X., Montague, P. R., & Eagleman, D. M. (2006). Motor-sensory 
recalibration leads to an illusory reversal of action and sensation. Neuron, 51(5), 
651-659. doi:10.1016/j.neuron.2006.08.006 
Sugano, Y., Keetels, M., & Vroomen, J. (2010). Adaptation to motor-visual and motor-
auditory temporal lags transfer across modalities. Exp Brain Res, 201(3), 393-
399. doi:10.1007/s00221-009-2047-3 
Sugano, Y., Keetels, M., & Vroomen, J. (2012). The Build-Up and Transfer of 
Sensorimotor Temporal Recalibration Measured via a Synchronization Task. 
Front Psychol, 3, 246. doi:10.3389/fpsyg.2012.00246 
Sugano, Y., Keetels, M., & Vroomen, J. (2014). Concurrent sensorimotor temporal 
recalibration to different lags for the left and right hand. Front Psychol, 5.  
Sugano, Y., Keetels, M., & Vroomen, J. (2015). Auditory dominance in motor-sensory 
temporal recalibration. Exp Brain Res. doi:10.1007/s00221-015-4497-0 
Tootell, R. B., Silverman, M. S., Switkes, E., & De Valois, R. L. (1982). Deoxyglucose 
analysis of retinotopic organization in primate striate cortex. Science, 218(4575), 
902-904.  
Treisman, A. M. (1999). Solutions to the binding problem: progress through controversy 
and convergence. Neuron, 24(1), 105-125.  
Treisman, A. M., & Gelade, G. (1980). A feature-integration theory of attention. 
Cognitive Psychology, 12(1), 97-136.  
Tsuchiya, N., & Koch, C. (2005). Continuous flash suppression reduces negative 
afterimages. Nat Neurosci, 8(8), 1096-1101.  
Turi, M., & Burr, D. (2012). Spatiotopic perceptual maps in humans: evidence from 
motion adaptation. Proc Biol Sci, 279(1740), 3091-3097. 
doi:10.1098/rspb.2012.0637 
van Eijk, R. L. J., Kohlrausch, A., Juola, J. F., & van de Par, S. (2008). Audiovisual 
synchrony and temporal order judgments: Effects of experimental method and 
stimulus type. Perception & Psychophysics, 70(6), 955-968. 
doi:10.3758/pp.70.6.955 
Vatakis, A., Navarra, J., Soto-Faraco, S., & Spence, C. (2008). Audiovisual temporal 
 92 
adaptation of speech: temporal order versus simultaneity judgments. Exp Brain 
Res, 185(3), 521-529.  
Vercillo, T., Burr, D., Sandini, G., & Gori, M. (2014). Children do not recalibrate motor-
sensory temporal order after exposure to delayed sensory feedback. Dev Sci. 
doi:10.1111/desc.12247 
Vroomen, J., Keetels, M., de Gelder, B., & Bertelson, P. (2004). Recalibration of 
temporal order perception by exposure to audio-visual asynchrony. Brain Res 
Cogn Brain Res, 22(1), 32-35. doi:10.1016/j.cogbrainres.2004.07.003 
Wade, N. J., & Wenderoth, P. (1978). The influence of colour and contour rivalry on the 
magnitude of the tilt after-effect. Vision Res, 18(7), 827-835.  
Wheatstone, C. (1838). Contributions to the physiology of vision.--Part the first. On 
some remarkable, and hitherto unobserved, phenomena of binocular vision. 
Philosophical transactions of the Royal Society of London, 128, 371-394.  
Woodworth, R. S., & Schlosberg, H. (1954). Experimental psychology: Oxford and IBH 
Publishing. 
Yarrow, K., Jahn, N., Durant, S., & Arnold, D. H. (2011). Shifts of criteria or neural 
timing? The assumptions underlying timing perception studies. Conscious Cogn, 
20(4), 1518-1531. doi:10.1016/j.concog.2011.07.003 
 
  
 93 
āĆ
 
ƠǼȇCʌ9?+ #&ˉãɄĖĢƅĢʘ-ĸɦƁź+ŷİʵ6
 ĢʘǠ-ʶ=ʟ	ʡʲ¶Cɒ&ʵ	&ˉ ! !ťɭ-ƼŶ"'	#0
	'Ģ£ǩɉ;ɫƅČȏCʺȫ+ŽƩ&# 'ˉĕ-Ǽȇ
ƬȪC?('6 Ǽȇ-ʌ9Ƈ'ŠD'	?ƒ:ˉʟɣCȲ
	&>ˉňɟǫ*ŤɒCʵ6 ĸ¿Ǡ-Ǽȇ+Į?ĞÞCʡʃ
'ť=@ (.ˉŒ-ǼȇǠǅ-'ǽĦ+Ȗ+*>6ƠŌ+>
(
	6  
6 ˉƠɫƅ-Čȏ+ʪ&ˉƝơɂò¿ǠˉɁƥƏʫ¿Ǡˉǲʞ­Ă¿Ǡ
+ĭƧ&ʵˉĕ-ÛɚCʵ6 Ǭư-'ˉƠɫƅ-ɶC÷
?('6 ǈťɭȼ6 
ƙŒ+ˉǼȇǠǅCƀ&ʵ	 ĩƉˉ¿ʁˉŒʁˉé+:ř<>ťɭȼ
6ǘ+ˉĦ˂ 4Cŭ¤#&@ Œʁ-ĶǢǇʗøˉĦ˂ 5Cŭ¤#
&@ Œʁ-ĉǄʗøˉƠŌ+>(
	6  
